
POWER WIRING 
DIAGRAMS 



BY THE SAME AUTHOR AND FROM 
THE SAME PUBLISHERS 

ELECTRIC TRACTION 

A treatise on the application of electric power to electiic 
traction on railways and tramwa 3 ^. This book has been wiitten 
to meet the requirements of engineeis and advanced engineeiing 
students Special consideration has been given to traction, 
motors, systems of control, electric locomotives, motor coaches, 
the computation of energy, consumption, etc A number of 
worked examples are included in the text, and a selection ot 
problems is given at the end of the volume The book will 
be found suitable for use as a textbook tor the electric traction 
portion of the syllabuses of the University of London, B Sc 
(Eng); City and Guilds Institute, Institution of Electiical 
Engineers (A.M.I.B.E Examination) 

In med 8vo, cloth gilt, 740 pp , with 510 illustrations, 33 
tables, and 5 folding plates. Second Edition Revised 25s. net 

ELECTRIC MOTORS AND 
CONTROL SYSTEMS 

A treatise on electric traction motors and their control 

Contents. General Considerations concerning the Selection 
of Traction Motors — Contmuous-current Traction Motors — 
Smgle-phase Traction Motors — Polyphase Traction Motors — 
The Testing of Traction Motors — ^The Control of Continuous- 
current Tramway Motors — ^The Control of Continuous -cunei it 
Railway Motors — ^The Calculation of the Resistance Sections 
of Starting Rheostats for Continuous-cunent Motors — The 
Control of Single-phase Railway Motors — ^The Control of Three- 
phase Railway Motors — ^Appendix — Examples 

In med. 8vo, with 315 illustrations, 372 pp Cloth 15s. net 


Sir Isaac Pitman & Sons, Ltd., Parker Street, Eingsway, W.C.8 




POWER WIRING 
DIAGRAMS 

A HANDBOOK OF CONNECTION DIAGRAMS 
OF CONTROL AND PROTECTIVE SYSTEMS 
FOR INDUSTRIAL PLANTS 


BY 

A. T. DOVER 

M 1 £ E , ASSOC AM I £ £ 

HEAD OF ELECTRICAL ENGINEERING DEPARTMENT 
BATTERSEA POLYTECHNIC, LONDON, S W 


SECOND EDITION 
(Revised) 


WITH 257 ILLUSTRATIONS 


LONDON 

SIR ISAAC PITMAN & SONS, LTD 
PARKER STREET, KINGSWAY, W C.2 

BATH, MELBOURNE, TORONTO, NEW YORK 
1930 



BY THE SAME AUTHOR AND FROM 


THE SAME PUBLISHERS 

THEORY AND PRACTICE OF 
ALTERNATING CURRENTS 

This book IS suitable for second- and third-year electrical 
engineering students. Its aim is to give a thorough grounding 
in the principles of alternating currents (including polyphase 
currents) and the calculation of electric circuits Numerous 
worked examples (in which analytical, graphical, and complex 
algebraic methods are employed) form a special feature. Other 
special features are: an extensive treatment of circle locus 
diagrams as apphed to electric circmts, and a comprehensive 
treatment of the theo^ of alternating-current measuring instiu- 
ments (including oscillographs), together with the theoiy of 
a number of alternating-current measurements. The book is 
written by a teacher of many years* standing, who is a mem- 
ber of the Electrical Engineering Board of Examiners of the 
University of London. 

In demy 8vo, cloth gilt, 554 pp., with 303 illustrations 
18s. net. Second Edition, revised and enlarged 

INDUSTRIAL MOTOR CONTROL 
(Direct Current) 

Deals with the prmciples involved in the starting and speed 
control of D C motors for industrial services, and with the 
applications of these principles to typical control apparatus, 
with many examples from practice. 

In foolscap 8vo, doth, 128 pp., illustrated. 28. 6d. net 

TRACTION MOTOR CONTROL (Direct Current) 

An introductory treatise on the prmciples involved in the 
control of D C motors for trams, trams, and railless vehicles 

In foolscap 8vo, doth, 124 pp , illustrated 2s. 6d. net 

EXAMPLES IN ELECTRIC TRACTION AND 
POWER DISTRIBUTION 

A collection of worked examples with explanatory notes and 
diagrams, together wuth other examples (with answeis) from 
exammation papers of the I £ £ , City and Guilds of London 
Institute, and the University of London 

In crown 8vo, cloth, 80 pp (In the Press) 


Sir Isaac Pitman & Sons, Ltd., Parker Street, Kmgsway, W G.2 




PREFACE 

In this edition tlie text and tables have been revised and 
reset The whole of the diagrams have been carefully 
revised and a number of new ones have been added 

The author wishes to take this opportumty of thanking 
his colleagues and a number of correspondents for kindly 
drawing his attention to inaccuracies in some of the 
diagrams of the first edition. 

A T. D. 


PREFACE TO 
THE FIRST EDITION 

This book is mtended for engineers and others associated 
with the application of electric power to industrial plants 
Its aim IS to supply detail diagrams of connections for 
all classes of standardized control apparatus (traction 
control apparatus excepted) in use with continuous- 
current and altemating-current machines, transformers, 
etc 

As far as jpossible the diagrams have been drawn to 
be repres&ntcU%v& of the actual control apparatus to which 
they refer, and thus differ from the elementary diagrams 
usually found in text-books. In certain cases, however, 
a detailed diagram has been supplemented by a schematic 
diagram in order to facilitate the tracing of the circuits 
To obtam uniformity throughout and to facilitate the 
reading of the diagrams conventional signs (some of which 
are m general use) have been adopted to represent certain 
classes of apparatus and machines. 

In diagrams relating to connections of instrument 
transformers a knowledge of the instantaneous polarity 
IS important, and, in the present volume, an attempt has 
been made to indicate the terminals, uf primary and 
secondary windings, at which the direction of current is 
the same With the ordinary convention of polarity, 
these terminals, for a given transformer, will have oppostte 
polarities 
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PREFACE 


During the preparation of this work the author has 
received considerable assistance from several manufac> 
turers, who have generously supplied him with data, 
drawings, photographs and blocks relating to their control 
apparatus Acknowledgments are made throughout the 
text, and the author desires especially to thank : The 
British Thomson-Houston Co , The Igranic Electric Co , 
The Metropohtian- Vickers Electrical Co , Messrs Brown - 
Boven & Co , Messrs. Bruce Peebles & Co , Messrs Fer- 
ranti, The General Electric Co , Messrs George Ellison, 
The Chloride Electrical Storage Co , Messrs. W T Henley’s 
Telegraph Works Co , The Macintosh Cable Co. 

Acknowledgments are due to the Council of the Insti- 
tution of Electrical Engineers and the Board of Directors 
of the American Institute of Electrical Engineers for 
permission to include extracts from the Wiring and Stan- 
dardization Rules respectively of these Institutions 

The author wishes to take this opportunity of thanking 
his colleague — Dr A W. Ashton, M I.E E — ^for many 
suggestions and criticisms during the preparation of the 
work 


London, 1917. 
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SECTION 1 

Direct -current Motors and Control 
Apparatus 

Internal and external connections of conapomid- 
wouud, commutating-pole, motors for reversible 
rotation — ^Hand-operated starting rheostats, 
switches and controllers for D.C. motors — Motor 
control panels — Printing press controllers — 
Automatic controllers for machine tools, motor- 
dnven pumps and printing machinery — Con- 
trollers for electric cranes — Wiring for overhead 
travelhng cranes — Electric hft controllers. 
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Fzg. I — Internal connections of compound-wound, 
commutating-pole, motor with retrogressive armature 
winding Rotation counter-clockwise. 



1 I I I I I 


Fig 2 Fig 3 


Schematic diagrams for motor of Fig i showing external 
connections necessary to eiive counter-clockwise (Fig 2) 
and clockwise (Fig 3) rotation 

Terminals A and F are connected to corresponding 
terminals of starting rheostat terminal L is connected 
to negative line (see Figs 4. 5 seq ) 


il DIRECT-CURRENT MOTORS 3 

GlassifiLcation of Hand-operated Starters for 
>D.G. Motors. — (i) Face-plate type starters, consisting of 
starting switch and rheostat assembled together, are 
largely used for shunt- and compound-wound motors up 
to about 50-75 h.p. where the conditions of service do 
not require frequent starting The starters are usually 
fitted with no-volt and overload releases 


(2) MuU%ple~swttch starters — consisting of a number of 
mechanically interlocked switches assembled with rheo- 
stats in a common frame {see Figs 216, 219 ; pp 177, 
178) — are used for starting large motors (up to 1,000 
h.p.) The starters are usually fitted with no- volt and 
overload releases 


(3) Lever starhng consisting of a multi- 

contact lever switch, of either the single-blade or double- 
blade type {see Fig 215, p 176) — ^wiih external rheostat 
are used for starting large motors The switches are 
designed for mounting on switchboard panels, and are 
provided with from 4-9 contact points. This type of 
starter is not fitted with automatic releases 


(4) Drum-type controllers — with either self-contained 
or external rheostat, and with or without automatic 
devices — ^are used under service conditions for which 
other types of starters ivould be unsuitable 

Controllers for shunt- and compound-wound motors 
up to 100 hp (550 volts) can be obtained with auto- 
matic devices — ^in the form of an electrically-operated 
circuit breaker and overload relay — ^which can be inter- 
locked so as to render the starter completely foolproof 
These controllers can be arranged for starting, reversing 
and speed regulation (by means of resistance in shunt 
field circuit) The controller, circuit breaker, overload 
relay, starting and regulating resistances are self-con- 
tained m a common frame 

Controllers for heavy duty are not provided with auto- 
matic features Special controllers have been developed 
for cranes {see p 27) to provide for slow motion hoisting 
and lowering, dynamic braking, etc 




Motor Motor 


Fig. 4. Fig. 5. 


^^Connections of starting rheostats for shunt- and com- 
pound-wound motors 

The rheostat shown m Fig 4 is of the type used with 
smaJl motors . it is fitted with a no-volt release, N. 

The rheostat shown in Fig 5 has a double set of con- 
tacts and IS fitted with no-volt and overload releases {N 
and M respectively). Larger rheostats are fitted with 
renewable segmental contacts and a short-circuiting 
brush as shown in Fig 6. 

With each form of rheostat provision is made for obtain- 
ing a full field on the motor when the switch lever is in 
the '* running position. Thus, in the above rheostats, 
the connection from the first resistance contact to the 
no-volt coil is connected to the pole-pieces of the release 
magnet and when the switch lever is in the running position 
a direct path from terminal L to F vta the no-volt coil is 
established In the rheostat shown in Fig 6 a special 
contact button and an auxiliary brush on the switch lever 
are provided 


r ^ Field Rheostat 

j\f^or Short’Cinauitinff Device 

Fig. 7. — Connections of starting and field rheostats for 
adjustable speed motor. 

The field rheostat is fitted ^Mth the B T -H safety short- 
circuiting switch (illustrated in Fig. 213, p 175) tor pre\enting 
the motor being started with weak field The switch is opened 
by moving the rheostat handle to “all resistance out” posi- 
tion, and is held open by a solenoid connected in senes with the 
shunt field. The solenoid, when excited with the maximum 
field current, is incapable of opening the short-circuiting switch, 
but it can hold this switch open (after the plunger has been 
lifted) with the minimum field current 

Note. — ^The no-\"olt coil of starting rheostat is separately 
excited 
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Fig 8» — Connections of combined starting and regu- 
lating rheostat for adjustable-speed motor [Igranic 
Electnc Co ] 

This rheostat is designed so that resistance can only 
be inserted in the shunt field circuit after the switch lever 
has been moved to the running position 

The contacts for field regulation are arranged concen- 
trically with the mam contacts, and connection with both 
sets of contacts is made by means of a double switch 
lever X, Y The arm X is fitted with mam and short- 
circuitmg brushes and a return spring the arm Y is 
fitted with a contact brush for the contacts of the field 
regulating resistance, r, and a handle 

The starting resistance is cut out by moving both arms 
(by means of the handle on Y) to the running position 
when X will be retained by the no-volt magnet, N Dur- 
ing startmg the interlocking switch S is maintained in 
the position shown in Fig 8 by a spring, thus short- 
circuiting the field resistance r When X is in the running 
position this switch is opened and resistance can be 
inserted in the field circuit by moving Y backwards, the 
arm remaining m any position 

The arms X, Y are mechanically interlocked so that 
any attempt to move Y to the " off '* position will release 
X and stop the motor. 
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Igranic ** Conspede ” and “ Varispede ” Control 
Panels [Figs 9, 10, and 215 (p. 176)] are designed respec- 
tively for constant speed and adjustable speed motors. 
The “ Conspede ” panel (Fig 9) is equipped with an elec- 
trically operated D P circuit breaker, C, a startmg rheo- 
stat — ^with no-volt release. N — and an overload relay, M, 
The additional equipment for the Varispede " panel 
consists of an interlocked field rheostat. 

The starting switch is of the heavy-duty type with a 
main brush, bridging from centre-plate H to the mam con- 
tact segments, and an auxiliary brush which bridges seg- 
ments B, D , B, E The first movement of the switch 
lever to start the motor estabhshes a connection between 
B and E and conmletes the operating-coil circuit of the 
circuit breaker. Further movement of the lever inserts a 
resistance r in this circuit, in which are also included the 
auxiliary contacts of the overload relay. The operation 
of the relay opens the motor circuit at lie circuit breaker, 
and the resistance r prevents the circuit breaker redosmg 
unless the switch lever is returned to the starting position. 

When *' inching ” is required, the starter is fitted with 
an auxihary switch, G (Fig. 9), and two contact studs 
flf, 6. These studs are short-circuited (by G) when the 
switch lever is in the “ off ” position, but are open-circuited 
when the lever is moved to start the motor. Thus, with 
the starter in the ** off position, the circuit breaker may 
be closed by pressing the " inching ” push button, but it 
will open as soon as the button is released or if the switch 
lever is moved 

The field rheostat for the '* Vanspede ** panel is fitted 
with an interlock {see Fig 10) which prevents the motor 
being started with a weak field. The interlock consists 
of an electro-magnet, X, the armature of which, together 
with contact, Z, short-circuits the field rheostat when 
the motor is stopped The electro-magnet is connected 
in series with the shunt field and is designed so that the 
armature cannot be lifted when the coil is excited bv the 
field current, although, when lifted, the armature will be 
retained when the minimum field current is passing 
through the coil. The short circuit is removed from the 
rheostat by moving the contact arm to the “ all out *’ 
position, which causes a pn»jection, Y, to lift the armature 




Fig 12 — Connections of multiple switch starter with 
interlocked circuit breaker [General Electric Co ] 

The starter, which is illustrated in Fig. 219 (p 178). con- 
sists of a number of lever switches which are mechanically 
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interlocked — ^by a locking bar — so that they can only 
be closed in the order given. The circuit breaker is 
fitted -with overload, no- volt and interlocking coils ; the 
interlock coil, when excited, preventing the circuit breaker 
being closed. The interlocking contacts on starter are 
only open when all the starting switches are open. Thus 
the circuit breaker and starter are interlocked so that it 
is impossible for the former to be closed with the starter 
partially “ on ** 


lii|i 


• •! 


Fig t 3 — Connections of 9-pomt lever starting switch 
[BT-H Co] 

The switch ib provided with a contact, F, for the field 
circuit so that a full field is obtained throughout the 
starting period 

See Fig 214, p 176, for illustration of 4-point switch 
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the speed of the motor, the speed regulation being obtained 
by inserting resistance in the shunt field circuit. The 
D P. circuit breaker is closed by pressing the button and 
moving controller cylinder to the first notch. Observe 
that the segment for exciting the operating coil is located 
between the off position and first notch, but that, on 
the first notch, the push button and series resistance are 
inserted in the circuit Thus, if the button is not pressed 
before the cylinder is moved to notch i , the circuit breaker 
cannot remam closed. Also, if the button is released on 
notch I, 2, or 3 the circuit breaker will be opened. More- 
over, should an overload occur during starting the circuit 
breaker will be opened by the action of the overload 
relay In each case the controller cylinder must be re- 
turned to -the ** off ** position before the circuit breaker 
can be re-closed 



Fig 15 — Connections and development of reversing 
controller for compound motor [General Electric Co.]. 

The controller is arranged for breaking the shunt-field 
circuit of the motor, a non-mductive discharge resistance 
being connected in parallel with the field winding 
immediately before the circuit is opened 



14 


POWER WIRING DIAGRAMS 


[Sec. 


Automatic Control Systems for Direct -current 
Motors. — The methods available for automatically 
controlling the rate at which the starting resistance 
IS cut out are — (i) time limit, (2) current limit, (3) 
counter-E M F limit. 

With the first method the starting switch is usually 
operat^ by a solenoid, the motion being retarded by a 
dashpot The duration of the starting period can be 
altered by adjusting screws in the dashpot Starters of 
this type have been developed principally by the Igranic 
Electric Co and examples are illustrated m fi^igs 217, 221, 
222 (pp 177-180) 

The second and third methods require the use of contac- 
tors for cutting out the sections of the starting rheostat, the 
operation of the contactors being dependent on cither the 
current input to the motor or the E.M F. at its terminals. 

With the current-limit method two systems of oper- 
ation are available, viz , {a) the senes relay system, in which 
the operating coils of the contactors are shunt wound and 
are excited by means of auxiliary contacts on senes relays 
connected in the motor circuit , {b) the senes lock-out 
system, in which senes-wound contactors are used for the 
accelerating points, special features being incorporated 
into the design so that a contactor can only close provided 
that the current is wttMn certain hmits, e g currents above 
the maximum himt will cause the contactor to be held 
open or locked out This system possesses all the ad- 
vantages of the senes-relay system, with the additional 
advantages of simpler winng and fewer parts 

An example of a starter in which series lock-out con- 
tactors are used is illustrated in Fig. 223, p 181. 

With the counter- E.M F. limit method, the operat- 
ing coils of the contactors are shunt wound and are con- 
nected in parallel across the motor terminals, the con- 
tactors being adjusted to close at different voltages This 
method has the disadvantage that the operation of the 
contactors is affected by variations in the line voltage It 
IS satisfactory for use with small shunt and compound 
motors which do not require more than one or two resis- 
tance steps For larger motors a combination of the 
current-limit and counter-E M F method is sometimes 
used. 
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Fig. 1 8 — Connections of Igranic self-acting starter with 
pedal switch for controlling capstan motor. 

The starter {see p 179 for illustration) consists of a pivoted 
switch lever B, which is moved over a set of contacts (to which 
the starting resistance R, is connected) by the plunger of 
solenoid 5, the rate of movement being controlled by an oil 
dashpot t> The motor circuit is closed and opened by the 
contactor C, so that no arcing occurs at switch lever contacts 
In the present instance the contactor is controlled by a pedal 
switch. 

When connection between terminals L and H is established by 
the control switch, the operating coil of contactor C is excited 
The contactor will close provided that resistance is short- 
circmted by switch s* (1 e. the switch lever, B, must be 111 its 
lowest position, with all resistance in motor circuit) When 
contactor closes, the solenoid 5 is excited by means of auxiliary 
switch Sj, The starting resistance R is then cut out auto- 
matically and a resistance, is inserted in senes with solenoid 
when plunger reaches the end of its stroke 

The pedal switch possesses special features It consists of 
two sets of contacts, n, 6. The upper contacts, a, are closed 
by depressmg the pedal, and the lower contacts, &, are nor- 
mally held closed by a detent which is tnpped by the coil M 
when an overload occurs. These contacts can only be reset by 
releasing the pedal Thus the motor circuit cannot be kept 
closed while an overload exists 






Motor 


Fig 1 9 — Connections of Ingranic Universal Control 
Panel {See also Fig 222, p 180 ) 

The panel is arranged for push-button control and is equipped with a 
D P isolating switch, A , an automatic, multiple finger starter, B , a 
contractor, C, with magnetic blow-out . and a field rheostat, FK 

The mam fingers, E, of the starter cut out the starting rheostat and the 
auvliary (circuit opening) fingers, i*, cut in the field rheostat in foui steps 
Both sets of fingers are actuated by a solenoid, 6, and the duration of the 
startmg period is controlled b> an oil dashpot, D 1 he solenoid is controlled 
by an auxiliary switch, on the eontaitoi and the circuit opening con- 
tacts of the “ inch ” push button A resistance, r^, is iiisi rted, by auxiliary 
switch a^, upon the completion of the starting opciatioiis 

When the “inch” button is pressed, the tont.ictoi closes, but the auto- 
matic starter is inoperative Upon the icli isi‘ of this button the contactor 
opens Under normal starting an auYiliai> switch, ag, close s as soon as the 
solenoid is excited and establishes a ictaiiung (iicuit loi the opci.iting coil 
of contactor mdepeiideiitlj of the contac ts of the “ star t ” button 

The operating speed is set by the fit Id iht ostat, .iiid c vt i y time the motor 
IS started it will, automatically, tun up to this pie tie let mine tl speed 

3— (5162) 





Push Buttons 

Fig 20 — Connections of Igranic hand-operated printing 
press controller 
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The controller shown in Fig. 20 is designed for control- 
ling motors driving rotary pnnting presses. Provision is 
made for — (i) very slow starting, (2) runmng at very slow 
(*' crawhng ”) speeds ^ while machine is being prepared 
for printing, (3) ** inching,*' (4) uniform acceleration of 
press Tip to prmtmg speed, (5) rapid stopping. 

The upper panel is equipped with a hand-operated face- 
plate type controller ; a control switch, Y ; a solenoid- 
operated “ inching ** switch, X, provided with magnetic 
blow-out coils, h ; and an overload release, M. The 
switch lever is not fitted with a return spring and, con- 
sequently, remains in any position in which it may be left 
It IS fitted with mam and aumhary brushes — ^for connect- 
ing the centre contact-plate with the various segments — 
and also a contact for short-circmtmg the buttons e when 
the lever occupies the first position (1 e. on segment i). 

The lower panel is equipped with three contactors, of 
which one (No. i) is fitted with a switch Z, which is closed 
only when the contactor is open. 

The switch Y on the upper panel is retained on contact 
J? by a spring and this switcm, together with the push 
buttons, form alternative control stations. 

Assuming ihe switch lever to be on segment No. i the 
motor IS started either by moving switch Y to contact S or 
by pressing the start ** button, each operation short- 
circuitmg the resistance which is connected in the 
operating-coil circuit of No i contactor. When this 
contactor closes, its control circuit is maintained through 
the " stop *’ button, the control switch Y and fhe 
auxihary contacts of the overload release M The closing 
of No 1 contactor automatically closes No. 2. We then 
have resistance f?a connected in parallel with the armature 
of motor, in senes with which are connected the senes field 
and the resistance i 2 i. Moving the switch lever clockwise, 
first opens contactor No. 2 and then cuts out resistance 
(J2i) from the motor circuit, all resistance being cut out at 
segment 18 Further movement of the switch lever 
increases the speed by connecting resistance in parallel 
with the senes field — ^by means of contactor 3 — and cut- 
ting-out this resistance until the field winding is short- 
circuited The series field is then cut out and resistance, 
ri, IS inserted in the shunt field circuit 

The motor is stopped either by pressing the stop *’ 
button or by moving the control switch to contact Sp, each 
operation opening contactor No, i and connecting the 
braking resistance, R^, across the armature. 

^ The ** crawling " speeds required may be of the order of 5 per cent of the 
maximum speed of the press 
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Fig 21. — Connections of BT.-H (Type SMC) auto- 
matic starter with single-coil senes lock-out contactors.^ 

The starter is illustrated on page i8i It consists of 
three contactors and an overload relay M. Contactor i is 
closed by pressmg the start " push button, and the 
control circuit is maintained, after the button is released, 
by auxiliary switch a. Contactors 2 and 3 are of the 
senes lock-out type and close automatically when the 
motor current decreases to a predetermined value Con- 
tactor 3 is retained in the closed position by a shunt coil 
which IS excited as soon as the contactor closes by an 
auxiliary switch a The exciting current for contactors i 
and 3 passes through the stop ” button and the auxiliary 
contacts of the overload relay These contactors are, 
therefore, opened — and the motor stopped — either by 
pressing the ** stop ** button or by the action of the over- 
load relay. The motor can only be re-started by pressing 
the ** start ” button. 

^ The contactors are illustrated and described in Industrial Motor 
Control^ pp 63-66. 
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For reversing equipments, the above starter is used in 
conjunction with a hand-operated controller, which is 
arranged as a reversing switch {sea Fig 23). 


M 







notor 


Fig 22, — Schematic representation of main-circuit 
connections for Fig 21. 



Motor 


Fig. 23 — Connections of B T -H (Type SMC) auto- 
matic starter with push button control and controller 
for reversible motor. 




Fig. 25 — Sctiematic representation of main-circuit 
connections for Fig. 24 
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The starter shown in Fig 24 consists of four contactors. 
No. z has a shunt operating coil and is closed by a push-button 
or other control switch connected between terminals L, C, 
Nos. 2, 3, 4 each have two senes operating coils, C representing 
the closing, and L the lock-out coil (see IndMstfial Motor Control, 
p, 69, for description of contactors). 

When No 1 closes it establishes the motor circuit which 
includes the coils of contactor No. 2 and the three sections of the 
startmg rheostat 

When No. 2 closes, the resistance section R%-R^ is cut out by 
being shunted with the coils of No. 3, the resistance of which is 
very low in comparison with that of R^-R^, 

Similarly, when No. 3 closes, resistance section is cut 

out Fmally, section is cut out when No. 4 closes. 

Contactois Nos 2 and 3 then open automatically. 

The overload relay is provided with both senes and shunt 
coils. The shunt coil is pezmanently excited, but is insujEQ.cient 
to hft the plunger, although it will retain the plunger in tihe 
raised position when the latter has been hfted by the action of 
the senes coil. When the plunger is hfted due to an overload 
the shunt operating circmt of contactors Nos. i and 4 is opened. 
This circuit cannot be re-established until the relay has been 
reset by hand. 



Fig 26 — Connections of Westinghouse automatic 
starter for adjustable speed motor 

The starter consists of three contactors and a held rela> {F R) Contactor 
I IS excited by closing the control switch Contactor 2 is of the senes lock- 
out type , contactor 3 is of the counter E M F t>pe and closes when the 
voltage across the armature exceeds a pre determined value The field 
relay short circuits the field rheostat during starting 




Fig 27, — Connections of B T -H (Type GE) automatic 
starter for reversible, long-range, adjustable-speed motor. 

The starter consists of . — ^two D P contactors — one for 
each direction of rotation — ^two series lock-out contactors 
(Nos 2 and 3), a field relay, FR, and a contactor, B, for 
dynamic braking, this contactor being mechanically inter- 
locked with the D P contactors so that it can only close 
when both of the latter are open In order to obtain 
maximum starting torque, the last accelerating contactor 
(No 3) IS fitted with auxiliary contacts, &, which open 
when the contactor closes and remove the short-circuit 
from the field rheostat If the latter should be “ all in,'* 
the action of the field relay, FR, will limit the armature 
current to a safe value while the armature accelerates to 
maximum speed The relay temporarily short-circuits 
the rheostat whenever the armature current exceeds a 
predetermined value, the contacts of the relay vibrating 
until the speed reaches that corresponding to the setting 
of the field rheostat 
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Fig 28. — CoimectiorLs of BT.-H (Type RMC) auto- 
matic starter for controlhng motor-dnven pump operatmg 
on open tank system. 

The starter consists of four contactors, ^ two of which 
are provided with senes relays and one with a shunt relay, 
the latter being energized by the voltage drop across the 
starting resistances The plunger of each relay is held 
open mechanically until the contactor closes, when the 
plunger is free to drop as soon as the current input to 
motor falls to a predetermined value The release of a 
relay plunger completes the circuit to the operating coil 
of the next contactor 

The first contactor (No i) is closed by the flloat switch 
and the remaining contactors close automatically It 
should be observed that the opening of the float switch 
interrupts the operating-coil circuit of all the contactors 

An illustration of this t}pe of starter is given on p 183 

^ The contactors are described and illustrated m Industrwl M<^ 
Control, pp 75, 70 
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Fig 29 — Connections of B T -H (Type RMC) auto- 
matic st^er 'With master controller arranged to provide 
for the startmg and speed regulation of a series motor 

The contactors are of the senes-relay type The operat- 
ing coil of contactor No i is excited on ‘t±Le first notch 
of 'the master controller, and the (shunt) relay of this con- 
tactor is energized by -the voltage drop across a portion of 
the startmg rheostat. When this voltage drop decreases 
to a predetermined value, title relay closes interlocks a 
and completes the circuit, up to the master controller, 
of ■the operating coil of the next contactor (No 2) which 
■will dose when the controller is moved to the second 
notch. Con'tactors 3, 4, 5 are energized by interlocks 6, 
c, d, respectively, with the controller on the second notch, 
and ■the remaining contactors 6, 7, 8 will be energized with 
■the controller on notches 3, 4, 5 respectively 

After one resistance contactor closes, the next con- 
tactor cannot dose un-til the motor current falls to a pre- 
determined value Thus, in -whatever manner the master 
controller is handled, ■the current input to motor is 
automatically hmited. 
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Hand-Operated controllers for senes motors operating 
electnc cranes, hoists, etc , may be divided into the 
following classes — 

(1) Reversing controllers for starting and speed regula- 
tion by senes resistance The fingers and segments are 
usually arranged so that limit switches can be used with 
the controller when desired. (Figs 30 and 38 ) 

(2) Reversing controllers similar to class (i) but pro- 
vided with extra finger and segments for use with shunt- 
wound brake magnets (Fig. 32 ) 

(3) Reversing controllers arranged for slow starting 
by connecting resistance in parallel with motor armature. 
(Fig 34 ) Usually, only two or three slow-motion 
notches are provided for each direction These controllers 
are used principally for foundry cranes, and enable slow 
hoisting and lowering to be obtained irrespective of the 
load being handled 

(4) Reversing controllers arranged for hoisting, dynamic 
brake lowermg and power lowering (Fig 36.) With 
these controllers the power lowermg notches are only 
intended for use when handling light loads A shunt- 
wound brake magnet must be used with this class of 
controller. 

(5) Reversing controllers with power and dynamic 
braking notches for each direction of motion (Figs 
42, 43 ) This class of controller is chiefly used on high- 
speed cranes, for the cross-traverse, longitudinal travel, 
or slewing motions, where it is desirable to check the 
speed more gradually than is possible by the application 
of a solenoid-operated mechanical brake The controllers 
are usually provided with two braking notches, a free- 
running position, and from three to five power notches 
on both sides of the off position 

Limit switches, for preventing over-runmng, may 
be divided into two classes — (i) mam-current hmit 
switches, which are connected in the motor circuit ; (2) 
auxiliary limit switches (B T -H system) which operate 
by short-circuiting the no-volt release coil of the circuit 
breaker on the control panel of the crane Examples 
showing the application of both types are given in Figs. 40, 
41, 46. 
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Fig 30 — Connections and development of reversing 
controller, for hoisting motor, with limit switch and 
series-wound brake magnet. 
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Fig. 31^ — ^Combinations for Fig. 30 Note that the limit 
switch IS cut out -when lowenng 
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Fig. 32 —Connections and development of reversing 
controller, for hoisting motor, with limit switch, shunt 
wound brake magnet and discharge resistance. 
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Fig 33 — Combinations for Fig 32 
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for Slow Motion 


Fig 34 — Connections and development of reversing 
controller, for hoisting motor, arranged for slow motion 
hoisting and lowering The slow motion is obtained by 
connec^ng a portion of the rheostats in parallel with the 
armature of the motor, as shown in the diagram of 
combinations below 
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Fig. 35 — Combinations (hoisting notches) for Fig 34 
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Fig 36. — Connectioiis and development of [Metro- 
Vickers (Type HD)] reversmg controller, for hoisting 
motor, arranged for dynamic lowering brake. 



Fig 37 — Combinations for Fig 36 Lowering notches 
I -5 are arranged for dynamic braking, notch 6 is arranged 
for free lowering, and notches 7, 8 are arranged for power 
lowering. 
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Fig 38. — Connections and development of reversing 
controller, for senes motor, arranged with limit switches 
for longitudinal travel 
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Fig 39 — Combinations for Fig 38. 
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Fig 40 — Connections and development of [B T -H 
(Type R 506)] reversing controller, for series motor, with 
B T -H auxiliary limit switches (arranged for limiting the 
cross-traverse motions) and interlocking s^^stem. 

The limit switches operate by short-ci cuiting the no- 
volt coil, *V, of the circuit breaker To reclose the circuit 
breaker, the controller must be returned to the “ off " 
position and the interlocking push-switch, P, pressed 
The operation ol either limit switch only affects one direc- 
tion of travel, so that it is always possible, when the circuit 
has been opened by exceeding the limit in one direction 
ol travel, to return at lull speed in the opposite direction 
The switches are of the automatic reclusmg drum t\ pe 
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Limit Switch 


Fig. 41 — Connections and development of [B T -H 
(Type R 506)] reversing controller, for senes motor, with 
B T -H auxiliary limit switch for combined speed and 
travel limit 

This limit switch is intended for the longitudinal travel 
motions and has two operating positions on either side of 
the central position 

In the first position it is possible to operate the crane 
at a slow speed in one direction and full speed in tho 
opposite direction, while, in the second position, the crane 
can only be operated in one direction Thus when the 
crane is near the end of its travel and the limit switch 
operates, it is possible to move a further distance m the 
same direction at a slow speed and to return at full speed 

The switch is of the automatic reclosmg drum type 
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f IG 42 — Connections and development of [General 
Electric (Type CB)] reversing controller, for series motor, 
arranged for dynamic braking in each direction of motion. 

The combinations are similar to those given in Fig 44 
except that, for the above controller, there are five power 
notches (instead of three), five sections to the rheostats 
and no brake magnet 
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Fig. 43. — Connections and development of [Metro* 
Vickers (Type HE)] controller, for senes motor, arranged 
for dynamic bralang in each direction of motion and 
with shunt-wound brake magnet 



Fig. 44 — Combinations for Fig 43 
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WiiinfiT diagrams for OYerhead travelliiig cranes. — ^In Figs. 
45* 46 are given winng diagrams for four-motor and three-motor 
overhead travelling cranes. 

Fig 42 refers to a four-motor crane with mam and auxihaxy 
hoists and senes-woimd brake magnets for the hoisting drums 
The controllers are of the simple reversing type, without limit 
switch control, the connections and development bemg similar 
to Figs 30 and 38 except that the fngers, in these diagrams, 
to which the limit switches are connected are actually connected 
together at the finger board. The controller for the mam 
hoisting motor is usually provided with from 7 to 9 notches 
in order to give gradual startmg when handling heavy goods. 

The swit^ panel m the cab is equipped with : mam D.P. 
switch, D P. mam fuses, S P. fuses for eadti motor, pilot lamps 
and inspection lamp plug receptacle In order to control the 
hoisting and traveising motors (which are mounted on the 
truck) from the cab, the armature and field circmts of these 
motors must be supphed through trolley wires suspended from 
the cross gurders of the crane. With single-pole controller 
wmng^ a common trolley wire may be used for connecting 
the negative main to all the motors on the truck so that the 
number of trolley wires required will be — 

Two wires for the armature of each motor. 

One wire for the field of each motor. 

One wire for the common return to negative mam 
With double-pole wumg, as shown m Figs. 30, 32, 34* 38, 43, 
four trolley wires will be required for each motor on the truck. 

If number of motors on the truck, T— number of trolley 
wires, then, for eqmpments without limit switches, we have— 
(smgle-pole wumg) T^sN -f- 1 , (double-pole winng T^s^N 
when shunt-wound brake magnets are used m conjunction 
with the controller of Fig 32 an additional trolley wire will be 
requued for each brake magnet on the truck 

When mam-current limit switches are used, one additional 
trolley wue will be requued for each hoistmg motor Thus 
for a three-motor crane ivith shunt-wound brake magnet and 
limit switch we shall requue [(3 x 2) -h i + 1 + 1 — ] 9 wues with 
S P WTLrmg and [4 x 2 -t- 1 -t- 1 =] 10 wires with D P. wumg 
Fig. 46 illustrates the apphcation of the B T -H. system 
of auxihary current hmit switches Two switches are requued 
for the cross traverse and one for the longitudinal travel, 
the former bemg fitted to the crane guders and the latter 
to the cab The switches are of the type shown on p 33 

The switch panel is fitted with a D.P circuit breaker (-with 
overload and no-volt tnp coils) and the motor cucuits are pro- 
tected by overload relays of the dashpot-time-hmit type 
(B T -H system) The auxiliary contacts of the relays are 
connected to the no-volt coil of circuit breaker so that a 
sustamed overload on any motor will tnp the cucuit breaker 
The controller for the hoistmg motor is arranged for slow 
startmg — ^m accordance with Fig 34 

^ Controllers are wired “smgle-pole*’ when one terminal of motor is 
connected direct to negative mam See Figs 36, 42 




Fig 45 — ^Winng for four-motor crane with main and 
auxiliary hoists and senes brake magnets (Single-pole 
controller winng ) 







Fig 46 — ^Wiring for three-motor crane with shunt 
brake magnet and limit switches (Double-pole controller 
wiring for hoisting motor ) 
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The lift controller. Fig. 47 . consists of an automatic switch 
panel and the foUowmg accessories — two hmit switches, 
two gate s^v1tches, two sets of push buttons, each set consisting 
of three buttons — “ up,** “ down,** “ stop.** The automatic 
switch panel is equipped with — ^An automatic, solenoid 
operated, starting rheostat, S ; two D P. contactors. Nos i 
and 2, for reversing the motor ; an overload relay, M ; a con- 
tactor, jB, for dynamic brakmg and a contactor, F, for esating 
the motor held. 

Assuming the cage to be at the lower limit of its travel (the 
lower hmit switch bemg open) and the gates closed, pressmg 
any of the “ up ** buttons will complete the control circuit ca 
contactors F and No. i, which will close provided that the 
switch lever of startmg rheostat is m its first position. When 
contactor No z closes, the auxiliary switch estabhshes two 
circuits, viz , (r) the retammg circmt for contactors F and i 
and (2) the operatmg circmt for the automatic starter 5 . 

The paths of the various mrcmts are as follows * Operating 
Circuit for contactors 1 and F * — L ( +) — “ up ** button — ^upper 
limit switch — terminal U — coil No. 1 contactor — ^termmal GS 
— ^gate switches — stop ** buttons — terminal E — coil, contactor 
F — ^mterlock switch 6, short-circmtmg mterlocking resistance, 
r ^ — auxihary contacts, d, of overload r^y M — ^resistance r* — 
L{ — ) ma M, 

Retammg arcutt for contactors i and F : — L ( + ) — ^auxihary 
switch — ^termmai TL — ^upper limit switch — ^terminal U — 
etc., (as above) to I. ( — ). 

Operatmg circuit for automatic starter , — L ( -f ) — auxiliary 
switch Oi — solenoid — switch c, for short-circuitmg resistance r- — 
L{ — )vta M. 

The retammg circmt remains closed until the hft reaches 
the top of Its tra\ el when the upper hmit switch opens. 

For the “ down ** journey the operation is similar, except 
that a “ down ’* button is pressed, contactor No 2 is closed, and 
the lower limit switch is included in the control circmt 

The “ stop ’* buttons are all connected in senes, and the hft 
may be stopped at an^ pomt of its travel by pressmg one of 
these buttons 

When stoppmg, contactors F and r, or 2, open and contactor 
B automatically closes, reclosmg contactor F by means of 
auxihary switch a The dynamic braking resistance, F®, is 
thus connected across the motor armature with the field fully 
excited, so that a quick stop is obtained Contactors B and 
F open automatically when the voltage across the motor 
armature falls to a low value 

In the case of a passenger hft, a floor sw'itch would be fitted 
m the car, w'hich renders the push buttons outside the car 
moperati\e while a passenger is m the car 

A control panel tor a 4-floor lift is illustrated m Fig 226, 
p 183, and illustrations of hmit switches are given m Figs. 227, 
228, 229 
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Fig 48 — Connections of Igranic controller for service 
lift rope-operated control switch 

The control gear consists of an automatic starting 
rheostat and a rope-operated, quick make and break, 
D P. reversing and control switch— with ** up,” ” down,” 
and ” off ” positions 

The automatic starter is of the multiple-finger type. 
When the reversing switch is thrown to either of the ” on ” 
positions, the control circuit of the starter is completed 
and resistance is cut out from the motor circuit, the series 
field being finally shunted by the resistance J? The con- 
trol circuit is opened automatically, by the operation of 
the appropriate hmit switch, just before the lilt reaches 
the hnut of its travel , the motor circuit being opened at 
the starter The hft can only be restarted (in the reverse 
toection) by operating the reversing switch The lift, 
however, may be stopped at any point of its travel by 
moving the reversing switch to the " off ” position, and 
it may then be restarted in either direction 



SECTION 2 

Direct-current Generators and 
Balancers 

Internal connections of two- and three-wire com- 
pound-wound, commutatmg-pole generators — 
Internal and external connections of compound- 
wound, commutatmg-pole, balancer — Connec- 
tions of startmg rheostats for balancers — Con- 
nections of non-reversmg and reversing potentio- 
meter-connected field rheostats. 
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Fig. 49 — ^Internal connections of compound wound, 
commutating-pole generator with retrogressive armature 
winding Rotation counter-clockwise 

Diagram A shows the magnetic polarities of the mam 
poles necessary to obtain a given (electrical) polarity at 
the brushes The polarities of the commutating poles 
for the conditions given are also shown 

Diagram B shows schematically the circuit relations 
of the various windings 


2 ] 


DIRECT-CURRENT GENERATORS 


45 


A 


Sh 



Fig 50 — Internal connections of compound wound, 
commutatmg-pole generator with retrogressive armature 
winding, dotation clockwise 

Diagram A shows the magnetic polarities of the mam 
poles necessary- to obtain a given (electrical) polarity at 
the brushes ’The polarities of the commutating poles 
for the conditions given are also shown 

Diagram B shows schematically the circuit relations of 
the various windings If this diagram be compared with 
Fig 4Q, It wall be seen that for reversal of rotation, the 
connections between the armature and commutatmg-pole 
windings must be reversed. 




Fig. $1. — Connections of compound wound, commutat- 
ing-pole generator for three-wire supply A reference 
to the schematic diagram B will show that the series and 
commutating-pole windings are divided , one-half of 
each winding being connected on each side of the arma- 
ture The commutation and compounding, therefore, 
are not affected by unbalanced loads 
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Fig 5 2 — Connections of compound wound, commutat- 
ing-pole balancer set 1 he arrows indicate the directions 
of the currents in the vanous windings when both machines 
are motoring 
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Fig. 53 — Methods of connecting shunt- and compound- 
wound balancers. 

Balancers must be used when a three-wire system is 
supplied from a single two-wire generator, or from a group 
of generators operating m parallel, in order that equal 
voltages may be maintamed on each side of the system 
under conditions of unbalanced load. 

A balancer consists of two similar machines, coupled 
together, each machine being either shunt or compound 
wound. With shunt machines, the shunt windings are 
cross-connected, as indicated in diagram A Thus when 
a difference of voltage exists between the two sides of 
the S3rstem, due to unequal loads, the machine on the 
hghtly-loaded side has its held weakened, and operates 
as a motor, while the machine on the heavily-loaded side 
has its held strengthened, and operates as a generator 
The balancer therefore, tends to equalize the voltages 
on the two sides of the system 
In order to improve the voltage regulation it is neces- 
sary to use compound-wound machines The shunt 
windings are cross-connected, as above, and the senes 
windings are either both connected in senes with the 
neutral wire — as shown in diagram B — or cross-con- 
nected as shown in diagram C In each case the series 
wmding IS arranged so that it assists the shunt winding 
when machine is generating, and opposes the shunt 
winding when the machine is motonng 

[For a full discussion on the theory of balancers see a 
senes of articles on “ Balancers for three- wire continuous- 
current systems,*' by Mr Thomas Carter, in The 
Electnetan, vol 78, p 466 et seq.] 
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Fig 54 Fig. 55 


Alternative connections of starting gear for balancers. 

A balancer set must be started by operating both 
macbines as motors. A special type of starting rheostat 
— havmg a double set of contacts and resistances, vnth 
a single switch lever — is used The starter may take 
two forms — one. Fig. 54, being suitable for connection to 
the neutral wire and known as a " mid- wire starter ** ; 
the other. Fig 55, being arranged for connecting between 
each armature and the corresponding ** outer,” and 
known as a ** double-pole starter ” The starters are not 
usually fitted with automatic releases, owing to the 
unbalanced voltages which might result if the balancer 
were wrongly disconnected from the system. 

Field rheostats for use with balancers are usually 
arranged so that when resistance is cut out from the field 
circuit of one machine an equal resistance is inserted in 
the field circuit of the other machine The rheostats 
are specially connected and are provided \wth three 
terminals, two being connected to the two ends of the 
resistance and one to the contact lever 
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BdUncer Field ffheostat 


Fig 56 — Connections of Crompton (Type C M.B ) 
balancer 'with D P starter and field rheostat 

The balancer is a modification of the C M B. auto- 
converter ^ The machine has a single armature, with 
a ring 'winding, and a special magnetic circuit 

^ See The Electrician, vol 63, pp 498, 506, for a dubcription of this 
machine 
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Fig 57. 


Fig. 58. 


Connections of non-reveising and reversing potentio- 
meter-connected field rheostats. 

Potentiometer-connected rheostats are used principally 
in connection with boosters, split-pole rotary converters 
and generators which have to operate over a wide range 
of voltage. 

In the reversing rheostat, Fig. 58, the resistance R 
consists of 14 sections which are connected to two sets 
of contacts, one end (No. 1 5) of the resistance being con- 
nected to the positive hne The negative line is con- 
nected to contact ring a and the field winding is connected 
to the contact segments 6, c The switch lever has two 
sets of brushes which are insulated from each other One 
brush connects the resistance contacts wnth either of the 
field segments &, c, and the other brush connects either 
of these segments with the negative mam 

When the switch lever occupies the vertical position 
the field winding is un-excited. 




Field Windina 


Fig S9 — Connections of B.T -H. reversing potentio- 
meter-connected field rheostat. 

The rheostat consists of two switch dials A, B, the 
contact levers of which are mechanically connected 
together (but insulated from each other), and a resistance 
R divided into a suitable number of sections Each end 
of the field winding is connected to one of the contact 
levers and the resistance sections are connected to the 
contacts so that the two levers move electrically in oppo- 
site directions Thus, one end of the resistance is con- 
nected to the positive line and the other to the negative 
hne, and when lever A is making contact with the positive 
end, the lever B will be at the negative end and vice versa 
When each lever occupies the central position — ^i e both 
are connected to the same point of the resistance R — the 
field winding will be short-circuited 


SECTION 3 

Direct-current Switch Panels 

Connections of switch panels for shunt- and com- 
pound-wound two- and three-wire generators 
with rotary and static balancers — Garage 
(battery charging) panels — Combined battery and 
generator panels for isolated plants — ^Battery- 
charging booster panel — ^Mercury-Arc and 
" Tungar ** Rectifier equipments for battery 
charging — ^Automatic reversible booster panels 
(Entz and X^ancashire) — Panels for reducer sets 
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Fig 6 1 — Schematic diagram for Fig 6o showing 
machine circuits. 







3 ] 


D C. SWITCH PANELS 


55 



Fig 62 — Connections of switch-panels for compound- 
wound commutatmg-pole generators supplying three-wire 
system on which rotary balancers are used. 

The generator panels are similar to those of Fig 60 
The balancer panel is equipped with a D P interlocked 
circuit breaker, two ammeters, a S P switch for neutral 
wire, a D P starter and a field rheostat. 



Fig 63 — Schematic diagram for Fig 62 showing 
machine circuits. 
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Fig 64 — Connections of switch-panels for shunt-wound 
generators supplying three-wire system on which static 
balancers are used. [Note. — ^The slip nngs on generators 
are arranged for two-phase static balancers See Fig 12 1, 
p 103, for connections of balancers.] 

Each panel is equipped with — a D P circuit breaker, 
with tnppmg coil on each pole , two ammeters ; three S P 
switches (positive, negative and neutral) ; a 4-point 
potential plug receptacle, a field discharge switch and a 
field rheostat, 




Fig 65 — Connections of switcli-panels for compound- 
wound commutatmg-pole generators supplying three-wire 
system on which static balancers are used 
Each generator must have the senes and commutatine-pole 
windmgs divided and connected in accordance with Fig. 51 
(p. 46) With this type of generator it is necessary to use D.P. 
circmt breakers on each side of the system in order that the 
circuits of a mam and equahzer of hke polanty may be opened 
and closed simultaneously. Hie circuit breakers must be 
mechanically mterlocked so that an overload on etther side of the 
system will open both (positive and negative) circuit breakers. 



Fig 66 — Schematic diagram for Fig. 65 showing 
machine and static-balancer arcuits 












Fig 68 — Connections of switch panel for isolated 
generator and battery plant Single circuit load , Neville 
automatic cut-in and cut-out switch (c). 
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Fig 69. — Connections of switch panel for isolated 
generator and battery plant Multiple circuit load ; 
Crawley automatic cut-in and cut-out switch (c) 
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The battery is charged from the bus-bars through the 
booster by throwing switch to lower contact, and 
closing switch Sj and the circuit breaker. The circuit 
breaker on the battery panel is electrically interlocked 
with tiiat on the motor panel so that the opening of the 
motor circuit breaker will trip the booster circuit breaker 

Voltmeter switch positions — 

(1) (Bus-bar + booster) volts 

( 2 ) Battery volts. 
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A C Supply DC Loetd 



Fig 7 1 — Connections of switch panel for mercury-arc 
rectifier 

The panel is arranged for battery charging, variation 
of the D C voltage being obtained by means of the 
regulating and compensating reactances Y The start- 
ing and load switches, S, are shown m the " load ** position. 
At starting the switches are thrown to the lower and 
auxiliary contacts, thereby connecting the starting anode 
SA to one terminal of the A C supply via resistance Ra 
and the mam anode (-f ) to the centre point of the com- 
pensator or auto-transformer Y via resistance Rb The 
arc IS started by tilting the tube, and after the arc is 
established the switch S is thrown (up) to the load position 
[See p 68 for connections of Tungar " rectifier.] 



Fig. 72. — Connections of switch panels for ** Entz 
automatic reversible battery-booster [Cblonde Electrical 
Storage Co ] 
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The booster set consists of three machines — ^motor, booster 
and exciter The booster is shunt wound and is excited from 
the exciter, the field of the latter being controlled by means 
of a carbon-pile regulator This regulator {see Fig. 253, p. 200) 
consists of two sets of piles of carbon discs, between which 
IS pivoted a lever. From one end of the latter is suspended 
an iron core surrounded by a solenoid caixymg the entire 
generator load * to the other end of the lever is attached a spiral 
sprmg, the tension of which is regulated to counterbalance the 

E uU of the solenoid. The exater field winding is connected 
etween the mid points of piles and battery as shown m Fig 73 
\^en the generator load is such that the pull of solenoid is 
equal to the tension of the spring, both sets of piles will be 
subjected to equal pressure and the exciter will be unexcited. 

Variations in the total load above or below this fixed generator 
load wiU cause changes m the pressure on the piles and will 
affect their contact resistance, thus excitmg the exciter in one 
direction or the other according to which set of piles is com- 
pressed. The booster will, therefore, charge or discharge the 
battery to mamtain a constant load on the generators. 

References for Ftgs 72 and 73 — booster switch (” up,” battery floating 
on bus-bars; ” down," automatic working) , y, motor mam switch (** up," 
motor across bus-bars , ** down,” motor across battery) , 5 , motor startmg 
switch , FR, reversmg potentiometer-oinnected field rheostat (used when 
booster is exated from bus-bars for fully chaigmg batteiy) ; a, exciter 
control switch , 6, T P , D.T switch for booster fields (“ up,” fields in 
senes — for non-automatic workmg — ” down,” fields m parall^ — ^for auto- 
matic working) , c, exater circiut breaker viith substitutional resistances, r , 
df e, equahzmg rheostats (for varymg sensitiveness of regulation) ; /, D P , 
D T switdi for booster field exatation (” up,” bus-bar excitation , 
" down,” exater exatation). 

VoUmeta^ swUch posiUons — (x) Battery (s) bus-bars, (3) exater, (4) 
booster, (5) battery - 4 - booster 
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Fig 74 — Connections of switch panels foi ** Lanca- 
shire ** automatic reversible battery-booster. (Lancashire 
D3mamo and Motor Co ) 
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Fig 75 — Schematic diagram for Fig 74 
The booster set consists of two machines — motor and booster. 
The booster is built with a laminated magnetic circuit and has 
four field wmdmgs — ^two shunt wmdmgs A, B, and two series 
wmdmgs C, X>. TJie shunt wmdmg A is excited by the differ- 
ence of voltage between bus-bars and battery, while the wmdmg 
B is separately excited from the bus-bars, the excitation being 
adjusted by means of a potentiometer-connected field rheostat, 
The senes wmdmg C is excited by current proportional 
to the generator load, while the wmdmg D is for the purpose 
of compensatmg armature reaction and voltage drop in the 
booster. 

Automatic regulation is secured by arrangmg: (r) that the 
booster voltage resulting from excitation due to wmdmg A 
shall equal the difference between bus-bars and battery voltages ; 
(2) that the charge and discharge of battery are controlled by 
wmdmgs B and C, the former supplymg a defimte excitation — 
with a given bus-bar voltage — ^m the same direction as that 
due to wmdmg A, and the latter supplying an opposite excita- 
tion proportional to the load current. Thus the battery w'lll 
be charged when the load current is below a given value — 
dependmg on the adjustment of diverter and FR ^ — and will 
be discharged when the load exceeds this value, thereby 
maintaimng a constant load on the generators 

At periods of light load the battery and booster may be con- 
nected to bus-bars without the generators and the combmation 
will give either a level- or an over-compound characteristic 
according to the adjustment of the di\erter In this case 
wmdmg A must be disconnected by means of switch Z, and 
wmdmg B must be reversed ^ 

^ When this method of operation is required, the field rheostat Fi?2must 
be of the potentiometer type {see Fig 58, p 51). 
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The switch gear is arranged to provide for the following com- 
binations — (i) Battery and booster on bus-bars with genera- 
tors (switches X, Y, “ down ** , Z, closed) * (2) Battery on 
bus-bars without booster and with or without generators 
(switches X, Z, open , Y, ** up *') : {3) Battery and booster on 
bus-bars without generators {X, up ” , r, “ down ” ; Z, 
open). 

Voltmeter switch positions — (i) Booster, (a) bus-bars and 
booster — ^battery [for parallehng purposes], (3) bus-bars and 
booster, (4) battery, (5) bus-bars 


Heducers 1 for suppl3nng searohhght and kinema arcs 
from D C circuits of moderate voltage (200 to 500 volts), 
are more efhcient than motor-generators since only a 
portion of the energy required by the arc is supplied by 
the generator of the reducer set, the remaining portion 
being taken direct from the supply circuit. 

A constant voltage may be supplied to the arc circuit 
by means of shunt machines connected according to Fig 
76 In this case it will be necessary to insert a sene^ 
(or ** stead3nng *') resistance in the arc circuit in order 
to obtain a stable arc 

With differentially compounded machines, connected 
in accordance with Fig 77, no senes resistance is required 
as the volt-ampere charactenstics of the set are such 
that the conditions for a stable arc (1 e. a decrease in 
voltage with an increase in current, and vice versa) are 
fulfilled This result is obtained by providing the gener- 
ator with a differential compound winding and the 
motor with a cumulative compound winding, each senes 
winding canying the current taken by the arc 

With the Crompton (Type C M B ) auto-converter the 
two machines of Fig. 77 are combined, and similar volt- 
ampere characteristics are obtained The auto-converter, 
however, must have a ring armature winding and a 
special magnetic circuit, as indicated in Fig 78 ® 

^ A reducer (sometimes called a dynamotor) consists of two machines — 
or, alternatively, two separate armature Windings on a common core, with 
a common magnetic circuit — the armatures of which are connected in series 
across the supply circuit, the load circuit being supplied from one of the 
armatures The machine is, therefore, analogous to an alternating-current 
auto transformer 

* See The Eletdrician, vol 63, pp« 498, 506, for a description of this 
machine 
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Fig 77 — Connections of differentially compound- 
wound reducer for supplying searchlight or kinema arcs. 
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Auto- con vert &r 


Fig 78 — Connections of Crompton (Type C.M.B.) 
auto-converter for supplying searchlight or kinema arcs. 



Bsbti^iy Bette/y (tsce/b) 


Fig 79 — Connections of B T.-H " Tungar ** thermionic 
rectifiers for battery charging. 

The diagram on the left gives the connections of a small 
rectifier (suitable for charging hattenes of 3 or 6 cells at 
currents up to 6 amp ) , that on the right gives the connec- 
tions of a larger rectifier (suitable for charging batteries of 
from 3 to 12 cells at currents up to 5 amp ) In the small 
rectifier two fixed charging voltages (75 V and 15 V ) are 
available by inserting the fuse in the appropnate receptacle 
In the laiger rectifier eight charging voltages (from 5 V to 30 V ) 
are available, the adjustment being effected by a dial switch 
and a tapped reactance connected in the primary circuit. 


SECTION 4 


Control Apparatus for Alternating -current 
Motors 

Hand-operated and automatic starters for smgle- 
phase motors — ^Hand-operated starters and con- 
trollers for polyphase motors (mcluding motors 
with pole-changing windings) — ^Automatic star- 
ters for polyphase motors — Controllers for alter- 
nating-current cranes — ^V^'inng for overhead 
travelling crane. 
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Hand-operated and Automatic Control Apparatus 
for Single-phase Motors. — Self-starting (commuta- 
tor) Motors — which are of either the senes or repulsion 
t3^es — are started by connecting a resistance in senes with 
the motor The starting rheostats are, therefore, similar 
to those for continuous-current senes motors, certain modi- 
fications being necessary due to the use of alternating 
currents These modifications relate to the no-volt and 
overload releases, and, in the case of self-acting starters, to 
the magnetic circuit of the operating solenoid. For 
examples see Figs 8o, 8i, and 231 (p 185) 

To reverse direction of rotation interchange leads con- 
nected to excitation winding 

Single -phase Induction Motors are incapable of start- 
ing against heavy loads The stator winding may take 
two forms (i) a single-phase winding with an auxiliary 
(or starting) winding spaced 90® from it ; (2) a standard 
three-phase winding With each type it is necessary, at 
starting, to supply one of the windings with current differ- 
ing in phase from that in the other winding (or windings) 
in order that a rotating field may be set up 

A mo or with a single-phase (main) winding and an 
auxihary (starting) winding is started by supplying the 
former through a resistance and the latter through a 
reactance (e g a choking coil) The resistance inserted in 
the mam winding linuts the current taken by this winding 
and results in an increased phase-difference between the 
currents in the two windings When the motor has 
accelerated sufficiently, the starting winding and resistance 
are cut out, thus leaving the mam winding connected 
directly across the mams With motors having wound 
rotors, the rotor resistances are cut out before changing the 
stator connections 

To reverse direction of rotcUion interchange leads con- 
nected to either stator winding 

Examples of starters for tins type of motor are shown 
in Figs 83, 84, 230 (p 184) 

In the case of a motor having a three-phase stator wind- 
ing all the phases are used at starting, and by means of 
resistance and reactance the currents in the several phases 
are made to differ in phase When the motor has run up 
to speed the resistance and reactance are cut out, and two 
phases (in series) are supplied directly from the mams, the 
change-over being effected by means of a double-throw 
switch {See Fig 82 for example ) 

To reverse direction of rotation interchange any pair of 
stator leads 
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Fig 80. — Connections of starting rheostat and reversing 
switch for reversible repulsion motor [Electrical Apparatus 
Co] 

The motor is reversed by reversing the connections of 
the excitation winding E 

The overload release, il/, operates by open-circuiting 
the no-volt coil, N 
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Fig 83 — Connections of combined starting switch and 
rheostat for single-phase induction motor. [Elhson ] 

At starting, a resistance R is inserted in senes with the 
main stator winding and a reactance L is inserted in senes 
with the auxiliary winding. These are cut out after the 
rotor resistances have been short-circuited, thus lea\ing 
only the main winding in circuit 

The starting switch consists of — three " stator ** seg- 
ments, a , two '* line segments, h , three sets of rotor 
resistance contacts, c , insulated brushes, d, connecting 
a and b , uninsulated brushes, e, connecting phases of rotor 
resistances 
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Fig 84 — ^Connections of Igranic automatic starter 
for single-pliase induction motor operating motor-driven 
pump working on open tank system. 

The stator of motor is wound with mam and starting windings (MW 
SW) A reactance, L, is connected in senes with the latter at stating 
The operating coils of contactors Nos i and 2 are energized by the closing 
of the float switch, provided that Nos 3 and 4 are open When No. i 
closes, the interlocking circuit through auxiliary switches 6 and c is cut out, 
the operating circuit for Nos 3 and 4 (via contacts of relays Re 1, Re 2) 
IS established by means of auxiliary switch a. * 

The current limiting relays Ke i, 2 are operated by the rotor current 
When Re i closes, contactor No 3 is energized, and aumliary svntch b com- 
pletes the circuit of coil No 4 up to the contacts of relay Re 2 When No 4 
closes, the arcmt of No. 2 is opened automatically by auxiliary switch c 
The opening of the float switch opens the operating circmit of No 1 con- 
tactor, which, on opemng, interrupts the operating circuit of Nos 3 and 4. 
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Hand operated control apparatus for polyphase motors may 
be classihed as follows : (i) Starting switches for single-speed 
motors^ with sqmrrel-cage rotors; (2) starting rheostats and 
controllers for single-speed motors with wound rotors ; (3) 
starting switches and controllers for multi-speed motors wi& 
sqmrrel-cage rotors ; (4) controllers for multi-speed motors 

with wound rotors. 

Small motors (up to about h.p ) may be started by switch- 
ing directly on to the supply circuit ; but larger motors, with 
squirrel-cage rotors, must be started with reduced voltage — 
obtained by means of an auto-transformer The equiv^ent 
of a reduction m the voltage impressed on motor is obtained 
bv re-grouping the windings at starting Thus, for a three- 
phase motor, if the w'lndmgs are delta connected for “ running ” 
and star connected for starting, the v’oltage impressed on each 
phase at starting will be only 57 7 per cent of the normal. 
This method, however, is hmited to motors up to about 25 
h p * 

Larger motors must be started by means of auto-transformers, 
w’hich are provided wnth several tappings m order that a voltage 
may be selected to smt the conditions under which the motor 
has to start ‘ Examples of starters for motors with squirrel- 
cage rotors are given m Figs. 85, 96 and 232 (p 185), 233 
(p 186). 

With motors having wound rotors the starting is effected by 
means of resistances connected in the rotor circuit. Rotor 
wnndmgs axe usually three-phase, star connected ; but with 
certam small motors a two-phase ivmding, JL-connected, is 
used. Examples of starting rheostats are given in Figs 97-100 
and 234 (p- 187)* Examples of controllers are given in Figs loi, 
I 03 » 235, 336 

Multi-speed motors, having squirrel-cage rotors, may be 
obtained wuth pole-changing wmdings to give two, three, or 
four synchronous speeds , the three- and four-speed motors 
requiring two distinct stator windings With twro- and four- 
speed motors the stator windmgs are arranged so that the 
number of poles (of each winding) may be changed in the ratio 
of 2 I The change in the connections is effected bv either 
a double- throw switch or a controller Examples are given 
m Figs 104, 106 

In the case of motors ha\ ing w ound rotors it is necessarv to 
provide separate rotor windings and rheostats for each com- 
bination of the stator winding Hence it is onl> practicable 
to adopt tw'o speeds .A.n example of a controller ot this tvpe 
of motor IS given in Fig 107 

To reverse the direction of rotation of polyphase motors — 

Ttuo-pJiase motuti> — interchange stator leads ot one phase 
Three-phase motors — ^interchange an\ pan ot stator leads 

1 1 e motors hiving one bynuhrunoub spttd 

* This mi-thod it> onlv suit iblu for light Itiail starting, the starting torqut* 
not exceeding one half of the full load torque 

* See page 173 
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Fig 85. — Connections of starting rheostat for small 
two-phase motor. 

The switdi lever, in addition to its own contact brush, carries a second 
brush, B, which is insulated from it and makes contact with the segment 
C, the brushes being fixed a distance apait equal to the pitch of the contact^ 
At startmg equal lesistanoes axe inserted in each phase and are cut out in 
three steps by the movement of the lever 



Fig 86. — Connections of BT-H series-parallel start- 
ing switch for two-phase motors with squirrel-cage rotors 

Each phase of the motor is wound in two sections At st.irting these 
sections are connected in senes for normal working they are connected 
in parallel, the combinations being effected by means of a six-bladed D T 
switch Thus the equivalent of half voltage is thrown on the motor at 
startmg. 
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Fig. 88 — Connections of BT-H. star-delta starting 
switch for three-phase motors 



Motor Starting Running 


Fig. 89 (Connections) Fig 90 (Development) 

Figs 89, 90 — Connections and development of B T -H , 
drum type, star-delta starting switch with overload and 
no- volt releases (A/ anJ iV respectively) 
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Fig, 91.— -Connectioiis of MetropoKtan-^Vickers auto- 
transformer starter for three-phase motors. 


Combinatiom 



Fig 92 — Combinations for auto-transformer starters 
using *' V * '-connected auto-transformers (as in Figs 91, 
93. 94)* 




Connectaons of General Electric (Witton), drum tvpe, auto-transformer starters for three- 
phase motors The starter of Fig. 94 is arranged so that the fuses are cut out dunng starb^. 
Hence ivith this starter the motor is better protected under running conditions than with the 
starter of Fig 93. [See Fig 232, p 185. for view of starter ] 
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Fig 95 — Connections of B T -H (Type NR) auto- 
transforiner starter for three-phase motor The starter 
consists of a three-phase auto-transformer and a double- 
throw oil switch, the latter bein^ held in the “ running 
position by a catch provided with a no-volt release 
Overload protection takes the form of two time-limit 
overload relavs, the auxiliary contacts of which are con- 
nected in series with the no-volt coil .V In the circuit 
of this coil is also connected a *' stop ” push button, which 
may be used tor stopping the motor On the release of 
the holdinsf-in catch, the s^Mtch returns to the “off" 
position under the action ot a spring 

No IE — \ \n w id tin oil-^wilcli piiitiiin ot a st.irter is 
givt n in Fig 2 ^ I]) 1^0) 


7-(5U.2) 
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Fig 96. — Connections of B T -H, auto-transformer 
startmg-gear for high, voltage three-phase motor. 

The starting-gear comprises — a, three-phase auto- 
transformer ; a T P , S T oil switch, Sj , a T P , D T oil 
switch, 5 a, with no-volt release, N, and overload tnp 
coils, T To start motor, switch Sj is closed — ^which 
excites the auto-transformer — ^switch is thrown to 

the " starting ' side and, after the motor has accelerated 
sufficiently, is thrown to the “running" side Switch 
5 i is then opened. 
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Fig. 97. — Connections of B T -H. starting rheostat for 
small three-phase motor with two-phase rotor winding. 
The starting rheostat is provided with a no-volt release 
coil. A', which IS connected in senes with a resistance 
across two of the stator phases The switch lever may 
be released by closing the auxiliary switch, which short- 
circuits the no-\ olt coil 




Fig 99 — Connections of combined starting switch 
and rheostat for three-phase motor [Ellison] For 
illustration, see Fig 234, p 187. 
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Fig 1 00 — Connections of B T -H combine J starting 
switch and rheostat for three-phase motor 

Note to Pigs. 99 and 100 - — ^The starting switch consists of — 
three “ line *’ segments, a , three “ stator ” segments, b , three 
sets of rotor resistance contacts, c , insulated brushes, d, con- 
necting a and b , uninsulated brushes, e, connectmg the phases 
of rotor resistances 

The starter of Fig 99 is fitted with no volt and o\erload 
releases, the overload coil, iV/, being connected in the rotor 
circuit The two releases are mechanicallv interlocked with 
the holding-in catch of switch le\er, so that the operation of 
either coil will release the le\er 

In the case of Fig 100, the switch lexer is held in the “ run- 
ning ** position by a catch controlled b\ the no-\olt coil, A 
This starter is provided with tw’o overload coils, iV/i, which 
are connected in two phases ot the stator, and the operation 
of either coil will open the circuit of the no-\ olt coil 
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FORWARD reverse 



Fig ioi — Connections and development of reversing 
controller for three-phase motor. 

Eight notches in each direction are obtained, with only 
two rheostat sections per phase, by arranging these sec- 
tions to be cut out successively from each phase An 
unbalancing of the phases will occur on some notches, but, 
for industrial purposes, an unbalancing up to 40 per cent 
in the relative values of the phase currents does not 
seriously affect the operation of the motor 



Fig. 102 — Combinations for Fig 10 1 
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Fig 103 — Connections and development of B T -H. 
reversing controller for high-voltage three-phase motor. 

The reversing is effected by two T P contactors (mechani- 
cally and electrically interlocked) 'nhich are electrically operated 
by means of auxiliary contacts on the controller, the operating- 
coil circuit being supplied from a potential transformer. 
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Fig. 104 — Connections of pole-changing switch for 
two-speed three-phase motor with squirrel-cage rotor 
(Note. — ^T he stator is wound with a single polc-changmg 
winding, the numbers of poles corresponding to the 
combinations being in the ratio of 2 i ) 



Fig ios; — Coml inations foi Fig 104 
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Fig 106 — Connections and development of B.T -H 
pole-changing controller for four-speed three-phase motor 
with squirrel-cage rotor 

The stator is w'ound with two pole-changing windings, 
each being connected so that the number of poles may be 
changed in the ratio of 2 i Thus, according to the 
number of poles selected for these wnndmgs, synchronous 
speeds in the ratio of i i 25 2 * 2*5 , r 1-33 * 2 2*66 ; 

I 1*5 2 3 , r 1-66 2 3-33; I 2 2-5 5; 1-2 3 

6.1 2.4,8, etc , may be obtained 
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Fig 107 — Connections and development of B T -H 
reversing controller for two-speed three-phase motor 
with wound rotor Sec Fig io8 for combinations 


The stator is wound with a single pole-changing winding 
which is connected so that the number of poles may be 
changed in the ratio of 2 i, the pole-changing switch 
being mounted on the frame of the motor 

The rotor is wound with two windings — corresponding 
to the pole numbers of the stator combinations- — and each 
winding IS provided with a separate set of slip-rings and 
rheostats 


Since motors of this type”are usually rated on a basis 
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of constant torque (i e. increased output at higher speeds) 
the line current corresponding to full load with high 
speed combination will be approximately double that 
corresponding to full load with the low-speed combination. 
Thus, to obtain complete overload protection it is necessary 
to use an oil switch with double-wound tnp coils In the 
present case, the tnp coils (T) are interconnected with 
the pole-changing switch so that, when operatmg with 



Fig 108 — ^Combinations for Fig 107 


the low-speed combination, the full coil-windmg is in 
circuit , but, when operating with the high-speed 
combination, one-half of the coil-winding is cut out 

Each phase of the rheostats is divided into three sec- 
tions and the sections are cut out successively from each 
phase, thus giving 10 controller points in each direction 
of rotation for lx)th the high-speed and the low-speed 
combinations of stator wunding 
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/Automatic control systems for polyphase alternating-current 
motors involve the use of contactors and current limiting relays, 
by means of which the rate of closing of the accelerating con- 
tactors IS controlled The control of the motor is effected by 
means of push buttons, a pilot switch, a float switch or a 
pressure regulator (or governor) With motors having wound 
lotors the curient limiting relays may be connected either in 
stator or rotor circuit, but with motors having squirrel-cage 
rotors the relay must be connected m the stator circuit 

Motors having samnel-cage rotors axe started with reduced 
voltage, which is obtained either by senes resistance or from 
an auto-transformer Two contactors are necessary . one 
connects the motor to the starting rheostat (or auto-trans- 
former) and the other, which is conti oiled by the current-limiting 
relay, connects the motor directly to the line Only one start- 
ing pomt IS required because, with normal designs of motois, 
any voltage which will start the motor will accelerate it to 
nearly synchronous speed The method in which an auto- 
transformer IS used is preferable to that in which a rheostat is 
used since, for equal starting torques, the line current will be 
lower. The voltage impressed on motor at starting should be 
such that the starting opeiation occupies fiom 4 to 8 seconds 
If the starting period is much less than 4 seconds a lower voltage 
can be used . while, if the penod is greater than 8 seconds, a 
higher voltage is necessary ^ 

Motors having wound rotors are started by inserting resis- 
tances in the rotor circmt, the sections being cut out by con-, 
tactors controlled by current-hmiting relays The number 
of sections depends on the size of motor and the natuie of the 
load against which the motor has to start. The contactors 
and resistance sections are so arranged that all phases of the 
rotor are balanced during startmg {see Figs, in, 112) 

Altematmg-cunent contactors are shunt wound and are 
usually operated with single-phase current, a single magnet 
being used with double-, triple- or four-pole contactors {see 
Figs. 230, 237 for examples) 

For high-voltage circuits two types of contactors are used — 
{a) the air-break type with magnetic blow-out and special arc 
chute, {b) the oil-immersed type , the former being suitable 
for heavy-duty service such as mine hoists, rolling nulls, etc , 
while the latter is suitable for services icquiring infrequent 
starting and stopping In each case the operating coils and 
control ciicuit aie supplied at suitable voltage by means of 
a potential transfomiei, while the seiics coils ot the lelajs 
(when these are connected in the stator ciioiiit) aie supplied 
from current transfonneis 

^ See pa^o 173 for dita relating to starting performance of molois with 
bquirrcl cage rotors 
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Fig 109 — Connections of Igranic automatic resistance 
starter, arranged for push-button control, for three-phase 
motor with squirrel-cage rotor [Igranic Electric Co ] 

Pressing the " start " button completes the control 
circuit of No I contactor, which, on closing, connects 
the motor to the supply mams, resistances being inserted 
in two of the phases The closing of contactor No 2 is 
controlled by the current-limiting relay and the inter- 
locks a, the latter only being closed when No. i is closed 
When the plunger of relay drops. No 3 closes (thereby 
cutting out the starting resistance) and the circuit of No. i 
IS opened by the auxiliary switch c At the same time 
a retaining circuit, via the ** stop ** button, is established 
by means of contacts d, e 
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Fig ho — Connections of B T -H (Type CR) automatic 
auto-transformer starter and pressure governor for three- 
phase motor with squirrel-cage rotor [See Fig 216 
for illustration of pressure governor and Fig, 233 for 
illustration of contactor panel ] 


Contactor No 1 is energized by the relay of pressure governor completing 
the circuit between terminals Cg Cj as shown above This circuit includes 
the upper interlocks of No z and the interlocks, a, of the current-limiting 
relay 

On No I closing, the shunt coi of relay is connected in series with its 
operating coil The shunt plunger is held up and the series plunger is free 
to fall when the line current decreases to the pre determined limit When 
this occurs, interlock a opens the control circuit of No i, and, after this 
contactor opens, the coil of No 3 is excited via interlocks b On No. 2 
closing, a retaining circuit is established via the relay contacts of pressure 
governor This circuit is opened when the pressure rises to the upper limit. 
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Fig hi. — Connections of Igranic antomatic starter 
■with pressure regulator, for three-phase motor with 
wound rotor 

The operating-coil circuit of contactor No. i, including 
the interlocking s-witches a, 6, is controlled by the pressure 
regulator. 

Contactors 2 and 3 are controlled by the current- 
limiting relays Re i. Re 2, these relays actuating fingers 
d, g, respectively 

Thus, when the rotor current decreases to the pre- 
determined limit, relay Re i allows huger d to make con- 
tact with e, thereby completing the circuit to operating 
coil No 3 Contactor No 3 is energized in a similar 
manner (by means of the fingers /, g and contact 
strip k on contactor No 2) so that it can only be established 
when contactor No 2 is closed. 
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Fig H2 — ^Connections of BT.-H. (Type TMC) auto- 
matic starter for three-phase motor with wound rotor. 

Contactor No. i is energized by closing the control 
switch The interlocks of this contactor connect the 
shunt coil of current-limiting relay No i in senes with 
the operating coil of contactor No. 2, thus preventing 
this contactor from closing until the senes plunger of 
relay is released, which occurs when the line current 
decreases to a pre-determined value The shunt coil of 
relay is then short-circuited and No 2 contactor closes 

By means of interlocks on this contactor a retaining 
circuit IS established and the shunt coil at relay No 2 
IS connected in senes with the operating coil of contactoi 
No 3 This contactor closes when the lino current 
decreases again to the pre-determined value Contactor 
No 4 is controlled, in a similar manner, by relay No i 
When No 4 closes the control circuit ot Nos. 2, 3 and the 
relays is opened 
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Fig. 1 13 — Connections of Westinghouse automatic 
slip regulator for three-phase motor. 

Slip regulators are necessarv for induction motors dnving 
flywheel-motor-generator sets winch are used for load equalizing 
purposes in the Ilgner system of operatmg mine hoists and 
roUmg-null motors. In order to utilize the stored energy m 
the flywheel for load equalization the speed of the induction 
motor must decrease wnth an mcrease of load and vice versa 
This speed variation is obtained by means of a liquid rheostat 
in the rotor circmt. The mo\able electrodes are operated bv 
an induction motor (called a “ motor-magnet ”) with short- 
circmted rotor, the stator of w’hich is supphed with current 
proportional to the Ime current The motor-magnet is so 
adjusted that, with normal load on the mam motor, the torque 
le\er is horizontal and a definite resistance is inserted in the 
rotor circuit of mam motor Any change in the load alters 
the torque ot motor-magnet and causes the electrodes to ino\e 
either upwards or dowuwaids, thereby increasing or decreasing 
the resistance in the rutoi circuit 

The liqmd rheostat is proxided with coohng coils for water 
circulation 

An illustration ot a regulator with its series traiisforiners is 
given on p 191. 

b— ^5^C2; 
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Alternating -current crane controllers have been 
developed for single-phase commutator motors and for 
two- and three-phase induction motors The types are 
not so numerous as those developed for direct-current 
crane motors, since it is not practicable to adapt the 
motors to the variety of service conditions to which D C 
motors are adaptable 

For single -phase repulsion (or senes) motors the 
controller is similar to that for a D C senes motor except 
that the blow-out coil ^ is omitted — see Fig 114 

Polyphase crane motors are generally of the wound- 
rotor type, but, in some cases, motors with high-resistance 
squirrel-cage rotors have been adopted for handling light 
loads and for the cross traversing motion. Motors having 
wound rotors are controlled by rheostats in the rotor 
circuit When drum-type controllers are adopted the 
resistance sections are cut out successively from the phases 
of rotor — see Fig 116 

For heavy- service cranes a contactor-t3rpe starter, 
controlled by a master controller, is more suitable than a 
drum-type controller smce the contactors are provided 
with magnetic blow-outs which cannot be fitted to the 
controller ^ 

Brake magnets are shunt wound and are usually 
connected in parallel with the stator of motor The 
punchings constituting the fixed and movable cores are 
shaped to form three poles, and each pole is encircled with 
a coil For three-phase circuits the coils are star-con- 
nected for two-phase circuits one set of two coils is 
connected across one phase while the remaining coil is 
connected across the other phase 

Limit avritches may be of the main-current type or 
of the auxiliary type (B.T-H system) In the former 
case D P switches are necessary for three-phase and two- 
phase circuits, and S P switches for single-phase circuits 
Auxiliary limit switches are not affected by the supply 
system and are identical with those used with D C 
equipments — see pp 27, 33, 34 

A wiring diagram for a three-phase, three-motor, 
crane, with mam-current limit switches for hoisting and 
longitudinal travel, is given in Fig 1 18 

^ Drum-type controllers for A C motors cannot be provided with mag 
aetic blow out in the same manner as controllers for D C motors owing 
to the eddy currents which would be induced in the solid niet<il parts by 
the alternating flux 




Fig 1 1 5 — Combinations for Fig 1 14 
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rTIUliimrS 



FORWARD REVERSE 



Fig. h 6 — Connections and development of reversing 
controller, for three-phase motor with wound rotor, 
arranged for use with limit switches for longitudinal 
travel motions 



Fig, 1 1 7. —Combinations lor Fig 116 








Tnwthng Motor 









SECTION 6 


Power Transformers and Static 
Balancers 



6 6 6 6 

S, 55, ss, s. 


Fig. I 19. 



Connections of single-phase transformers for two-wire 
(Fig 1 19) and three-wire (Fig 120) circuits 

The secondary windings and terminals are arranged 
to provide for series and parallel combinations when 
used on two-wire circuits. For senes grouping connect 
SSi and 552 ; for parallel grouping, connect Si and SS2, 
S2 and 55 | 

For three-wire circuits, connect 55„ 55a to neutral 
wire In this case the secondary windings must be con- 
nected in accordance with Fig 116, in order that the 
out-of balance current shall not produce magnetic 
unbalancing 


Tno 




Fig I2I — Connections of static balancers 


Static balancers are iiecessar\ when a three wire system is supplied from 
single direct-current gen»*rators without auxiliary balancer sets (see 
pp 46, 56, 57) The balancer is \irtu.illy a single-wmding transformer 
with a mid point tapping connected to the neutral wire It is magnetized 
by alternating current (obtained from slip rings connected to tappmgs on 
the armature winding) The windings must be so interconnected that the 
out of balance current shall not magnetize the cores The arrows in the 
diagram of the single-phase balancer indicate the direction m which the 
out of balance current circulates in the wundmgs 
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Connections of single-phase transformers for three- 
phase circuits Fig 122 — Star-stai , Fig 123 — delta- 
delta , Fig 124 — star-delta. 

The distinguishing marks placed against the windings 
denote terminals at which the instantaneous direction 
of current is the same The marked (primary and secon- 
dary) terminals of a given transformer will therefore have 
unlike polanty 

From these diagrams we obtain the following rules 
for connecting-up single-phase transformers, with 
marked terminals, on three-phase circuits — 

(1) For star connection — Connect together the positive 
(or marked) terminal of each transformer to form the 
neutral point 

Connect the line leads to the free (or unmarked) 
terminals 

(2) For delta connection — Connect the positive (or 
marked) terminal of one transformci to the negative (or 
unmarked) terminal of the next transformer, etc , so as 
to form a closed circuit Connect a line lead to each of 
these interconnectors. 
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Fig 125 — Open delta (or " V ’*) connection of two 
single-phase transformers for three-phase circuits. 

The ** V connection is obtained from the delta (A) 
connection by omittmg one transformer The connection 
can, therefore, be used to obtam an emergency supply 
in the event of one transformer of a delta-connected 
group beconung disabled For the same heatmg, how- 
ever, the output of the V-connected transformers will be 
only 5 7 *7 percent of that obtained with the delta-con- 
nected transformers The V connection is used with 
auto-transformer starters for induction motors and 
rotary converters {see pp 79, 80, 94, 149), while it is some- 
times adopted with current transformers when the latter 
are used in combination with instruments or trip coils 
{see •p'p 112, 114, 119, 128). 



Fig 1 36 — Scott (or T) connection of t-wo single- 
phase transformers for transforming three-phase power 
to two-phase power (or vue vetsa) The primary winding 
of one transformer (No i) must be provided with a mid- 
point tapping, M, while that of the other transformer 
(No 2) must b. proMded with an So o per cent tapping, 

The nLiitral point for the three-phase side may be 
obtained from a 57 7 per cent tapping, N, on transformer 
No 2. 
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Fig 127 — Connections of single-phase transformers 
for three-phase/six-phase transformation — ^Diametncal 
connection. 



Fig 128. — Connections of single-phase transformers 
for three-phase/six-phase transformation — Double-delta 
connection on secondary side 

Note to Ftgs 127, 1 28 — ^The above methods of obtain- 
ing six-phase current from a three-phase circuit are prin- 
cipally used in connection ■with rotary converters See 
pp 149, ISO. 
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Internal connections of three-phase transformers. 
— In order that two three-phase transformers may be 
operated in parallel the foUowmg conditions must be 
satisfied — (i) the primary (hne) voltage and voltage 
ratio of ea^h. must be the same , (2) the impedance voltage 
of each at full-load current must be the same , (3) the 
terminals of a given wmding (primary or seconds^) 
belonging to similar phases must have hke polarity 
The importance of the last condition will be appreciated 
after a study of the diagrams of Fig. 129, which show 
alternative methods of arranging the internal connections 
From the vector diagrams given in this Figure it will be 
apparent that transformers connected accordmg to the 
same group number may be operated m parallel provided 
that conditions (i) and (2) are satisfied, but transfoimers 
connected according to dijfferent group numbers cannot 
be paralleled even if the transformers are identical m 
every other respect. For instance, a delta/delta, group 
I, transformer may be operated m parallel with a star/star, 
group I, or a star/zig-zag, ^ group I, transformer of the 
same voltage and ratio ; but it cannot be operated in 
parallel with a delta/delta, group II, transformer or, in 
fact, any group II or group III transformer 

Standard methods of internal connections for 
three-phase and six-phase transformers have been 
developed by the American Institute of Electrical 
Engineers = These methods are included in the 1916 
Standardization Rules and are shown diagrammatic^y 
in Figs 125, 126 Certain of the Rules relating to 
transformer connections are given on pages 109, no, in 

^ The zigzag or iutercoiuit.i.t( d sttr method of connection is Ubcd for 
three-phase, four-wire, unbilanccd s\ stems 

* Similar methods for three phase traiisfomierb were gi\en in the 1912 
Standardization Rules of the V £> E 
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Fig 1 30 — Methods of axranging internal connections of 
three-phase/six-phase transformers The vector diagrams 
show the phase of the voltages 

STANDARDIZATION RULES OF THE A I E.E 
TRA\ SFORMER CO^ NECTIONS ^ 

{These rules do not apply to auto-transformers) 

600. Diagrammatic Sketch of Connections. — The manufac- 
turer shall turiiish with each traiistoriiiei a complete diagram- 
matic sketch of the iiitemal couiiectioiis, and all terminals 
and taps of the traii'^toriner shall be inaiked to correspond 
with letteis and iiuiiibeis m the sketch This sketch should 
preferabl> be on a metal plate on the traiibtormer case 

SiNGLE-Ph\SE fRWStOKMERS 

601. Marlfing of Leads. — Ihe lead's of sim<le-phase trans- 
tormers shall be distinguished tioin each other b\ marking 

^ Sectioiib o >i to bii, rciitive to i bpucitic slIii itic uf in irUiiig the leadb, 
are tentative onl\, bubjLtt to tlu, adoption nt a comprehtiisn e scheme of 
marking the tenuinalb of all clubbeb of apparatus 
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the high- voltage leads with the letters A and 5, and the low- 
voltage leads with the letteib X and V 
The tcrmiiials (by teimuidls is meant the ends of the wind- 
ings) shall bo so marked that the potential difference in all 
windings at any instant shall have the same sign, that is, the 
potential diffcience between A and B shall have the same sign 
at any instant as the potential diffeiencc between X and Y ^ 
In accoi dance with the above rule, the terminals of single- 
phase transfoiiiiers shall be marked as follows — 

602. (i) High- and Low- Voltage Windings in Phase 

A B 

X Y 

603 ( 2 ) High- and Low- Voltage Windings 180 deg Apart 
in Phase : 

A B 

Y X 

606. Neutral Lead. — Where a neutral load is bi ought outside 
the transformer case, it shall be lettered N. 

Three-Phase Transformers 

608. Marking of Leads. — ^Three-phase transformers ordinanly 
have three or tour leads tor high-voltage and three or four leads 
for low-voltage windings To distinguish the vanous leads 
from one another, and also to distinguish between the various 

g hase relations obtainable, the three high-voltage leads should 
e lettered A, B and C and the three low- volt age leads X^ Y 
and J? 

For transformers having six-phase secondaries the primary 
leads should be lettered A , B and C as above, and the secondary 
leads, C7, V, W, X, Y, and 2 

The letters shall be so applied to the transformer terminals 
that if the phase sequence of voltage on the high-voltage side 
IS in the order of ^ to B to C, it is in the oider of A' to Y to 
Zf etc , on the low voltage side This ariangement is repre- 
sented by the diagrams (Figs 125 , 126 ), which show the vanous 
common angular displacements between high- and low-voltage 
windings of standard transformers In addition it should be 
distmctly stated, preferably on the rating plate, in which of 
the groups, given in the diagrams, the transformer belongs 

609. The rules given above for single-phase tiansformers in 
regard to the neutral tap {bee § 606), and also m icgard to 
internal connections {see 601 to 605), aie applicable to 
three-phase transformers and six-phase traiisfuimers 

610. Angular Displacement. — ^Ihe angular displacement 
between high- and Jow-voltage windings it> the angle m the 

^ To test the correctness of single phase markings, cuiiiu ct A to \ and 
apply voltage to the high voltage wnding A-B Voltage B-Y must be 
numencally less than voltage A~B 
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diagrams (Figs. 125, 126) betweea the lines passing from the 
neutral point through A and Z respectively for three-phase 
transformers and through A and U for six-phase transformers 
Thus, in Group r, the ang^ar displacement is zero degrees; 
in Group 2, the angular displacement is iSo** and in Group 3, 
the angular displacement is 30®. 

611 . Parallel Operation. — Three-phase and six-phase trans- 
formers marked as above may be operated m parall^, by con- 
nectmg similarly marked terminals together, provided their 
ratios, voltages, resistances, reactances and angular displace- 
ments are such as to permit parallel operation. 


SECTION 6 

Instruments, Instrument Transformers 
and Relays 

Methods of inter-connecting current transformers 
for three-phase circuits — ^Methods of connectmg 
wattmeters, watt-hour meters and power-factor 
indicators for smgle and polyphase circuits — 
Connections of overload and reverse power 
relays for single and polyphase circuits — 
Synchroscopes — Connections for synchronizing 
single and poly^phase machines 
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Connection Diagrams 
Fig 131 


Vector Diagrams 
Fig 132 


Methods of connecting current transformers and trip 
for relay) coils for three-phase ciituits 

Note — The vector diagiams (Fig 1^2) have been drawn for 
unity power-factor in the primary circuit, and the inteinal 
phase angle for the transfoimers has been considered as 180®. 
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Methods of connecting current transformers and 
trip (or relay) coils for three-phase circuits. 

Five methods are possible, as shown in Fig 13 1, two 
of which are suitable for three-wire systems, operating 
with msulated neutral, and the remaining three are suit- 
able for four-wire systems, or for three-wire systems with 
earthed neutral. 

Referring to Fig 1 3 1 : 

Diagram A shows the method — ^known as the *' reversed- 
V ” connectton — ^usually adopted for three-wire unearthed 
systems Under normal conditions the currents in the 
secondary leads are equal and are 120° apart. 

Diagram B shows a method (which is not recom- 
mended) by means of which protection can be obtained 
by the use of one trip coil The two current transformers 
are V-connected and the tnp coil is connected m the 
common lead, h, the current in this lead being ^/$ (« 1*73) 
times that in each of the secondary wmdings 

Diagram C shows the method usually adopted for 
three-wire systems with earthed neutral and for four- 
wire systems. The transformers and tnp coils are star- 
connected, the currents m each secondary lead, under 
normeil conditions, being equal and 120** apart 

Diagrams D and E show methods which are occasionally 
adopted In method D the transformers and tnp-coils 
are delta-connected The currents in leads a, b, c (marked 
x) are ^^3 times the current in each secondary winding 
and axe in phase-opposition with the line voltages (at 
unity power-factor) This feature enables a single-phase 
wattmeter to be used for measuring the power in the 
circuit provided that the loads are balanced 

The method shown at E is known as the Z-connectton 
and IS adopted when a D P relay is to be used on a system 
with an earthed neutral 


9— (5162) 
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Fig, 133. — Connections of. indicating wattmeters for 
three-phase circuits. 

Diagrams A, B, C show alternative connections for 
balanced loads. In these cases a single-phase wattmeter, 
specially calibrated, is used With method A the voltage 
impressed on potential coil of wattmeter is equal to the 
phase voltage [1 e i/Vs. or 57*7 por cent, of the hne 
voltage] of the system and is in phase with the current 
in the current coil ^ 

With method B the phase-coincidence of currents in 
the wattmeter coils is obtained by means of two potential 
transformers, the primaries of which are V-connected 
The secondaries are connected in series . one terminal 
of the potential coil of wattmeter is connected to a mid- 
point tapping on one transformer and the other terminal 
is connected to the free end of the other transformer 
Thus the voltage impressed on the potential coil is 86-6 

^ Assuming unity power-factor. 
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per cent (=^3/2) of the line voltage and is in phase 
with the current in the current coil ^ 

With method C, two V-connected current transformers 
are used« and the current coil of wattmeter is connected 
in the common lead Thus this current is in phase ^ with 
the voltage between the lines to which the current 
transformers are connected. Refer to Fig. 128, B. 

Diagrams D, E show alternative methods for unbalanced 
loads 

Diagram D shows the method usually adopted lor 
measuring power on a three-wire system. It is known 
as the two-wattmetef** method, and the diagram shows 
a ‘polyphase wattmeter m which two wattmeters are 
combined so that only a single moving system is required. 

Diagram E shows the method adopted for a four-wire 
system The theory and proof of the method is given in 
the author’s Theory and Practtce of AlternaHng Currents 
(Pitman). 



Fig 134. Fig 135 


Connections of watt -hour meters for measurement of 
energy on single-phase, two-wnre circuits 

^ Assuming unity power factor and neglecting the intemal phaae angles 
of the transformers 




Fig 138. Fig 13Q Fig 140 


Connections of watt-hour meters for measurement of 
energy on three-phase, three-wire circuits with balanced 
loads. 
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Note to Figs. 136 - 140 . — ^In the instruments shown 
in Figs 136, 137 the current coils axe wound in two sec- 
tions whi^ axe so connected that the resultant flux is 
due to the sum of the currents in the outers 
Fig. 138 IS analogous to Diagram A, Fig. 133. The 
voltage impressed on the potential (shunt) coil of meter 
IS equal to the -phase voltage of the system. This voltage 
IS obtained by connecting the potential coil to two reac- 
tances (each having an inductance equal to that of the 
potenti^ coil) so as to form a star-connected system. 

Fig. 139 is analogous to Diagram C, Fig. 133. The 
current coils of meter axe wound in two sections (as in 
a single-phase, three-wire meter), which axe so connected 
that the resultant flux is due to the (vector) difference 
of the currents in lines i and 2. The potential coil is 
connected across these lines. 

Fig 140 refers to a high-voltage circuit. The voltage 
impressed on the potential coil of meter is proportional 
to the phase voltage of the system and is obtained from 
a three-phase potential transformer. 



FiCx 14 1 Fig 142 


Connections of watt-hour meters for measurement of 
energy on three-phase, three-wire circuits with unbalanced 
loads 
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Fig 143 Fig 144 Fig. 145 


Connections of watt-hour meters for measurement of 
energy on three-phase, four-wire circuits with balanced 
and unbalanced loads. 


Note to Figs. 134-145. — -These diagrams refer to Fer- 
ranti switchboard meters when viewed from the froiti 
The letters M, L, 5 denote, respectively, the main, load 
and shunt terminals of meters and transformers The 
arrow in each diagram indicates the direction of power in 
the circuit 

Single-phase meters are shown in Figs 131, isf;, 136, 
I37i 138, 139, 140, 1 4 1, and polyphase meters — consisting 
of two single-phase elements mechanically coupled 
together — are shown in Figs 14 1, 142, 144, 141; 

Figs 134, 13O, 138, 139, 141, 144 refer to low-voltage 
circuits 

Figs 135, 137, 140, 142, 143, 14s refer to high-voltage 
circuits 
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Fig 146 — Connections of power-factor indicators tor 
single-phase and three-phase circuits 

Diagram A shows the connections for a single-phase 
instrument having a (fixed) current coil and two (moving) 
potential coils A non-inductive resistance (shown 
internal to the instrument) is connected in senes with one 
coil ; a reactance (shown external to the instrument) is 
connected in series wth the other coil, and the combina- 
tions are connected in parallel across the circuit With 
some instruments a condenser is used instead of a 
reactance 

Diagram B shows the connections for a three-phase 
instrument for use on balanced loads, while diagram C 
refers to an instrument for tmbalanced loads In this 
case the instrument must have three current coils and 
three potential coils 


Fig 147 — Connections of cuncnt transformers 

overload relays and trip coils 
[References Rc, inst.uit.ineous cirtuit dosiriK lelay , iRe, time limit 
circuit closing relay , tRo^ time limit circuit opening roLiy , X*a, auxili iry 
relay, T, trip coil, Sa, auxiliary bvintch — operated by mechanism ot oil 
switch — ^for opening trip coil circuit , 2r, auxiliary D C supply for trip coils ] 
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Methods of coimectixig overload relays and trip 
coils (see Fig 147). 

Overload relays may be classified as follows — (i) 
instantaneous plunger-type ; (2) time-limit plunger 

tjrpe, in which the operating coil is normally shunted by 
a fuse (see Fig 243, p 194) thus giving the relay a time- 
limit characteristic ^ , (3) induction (rotating disc) t5rpe (see 
Fig 244) which has a natural time hmit, varying, for a 
given setting, approximately inversely as the current in 
the operating coil ® 

In each case the relay contacts are arranged so that, 
when relay operates, the tnp coil is connected either to 
an auxiliary circuit (circuit-closing contacts) or in the 
secondary circuit of the current transformer, the tnp 
coil being normally short-circmted (circuit-opening 
contacts) 

Refemng to Fig. 147 — 

Diagram A shows the connections for a circmt-closing, plunger 
type, instantaneous relay When relay operates, the tnp coil 
T, IS connected to the auxihary D.C. circuit Z, and when the 
oil switch opens, the tnp-coil circmt is opened by an auxiliary 
switch, Sa, operated by the switch mechanism. 

Dia^am B shows the connections for a circuit-closing 
plunger type, time-hmit relay 

Diagram C shows the connections for a circmt-opemng, 
plunger type, time hmit relay. The tnp coil, T, is nonnally 
short-circmted by the relay contacts, and the relay coil is 
shimted by a fuse When an overload occurs the fuse is blown 
and the secondary current passes through the relay coil The 
operation of relay removes the short-circuit from the tnp coil, 
thus connecting this coil in the secondarv circuit 

Diagrams D and E sho\\ the connections for circuit-closmg, 
induction-type rela>s In Diagram E the relay contacts are 
considered to be incapable of carrying the current required to 
operate the tnp coil, so that an auxiliary relay Ra is required 
for closing the tnp coil circuit 

Diagram F shows the connections for a circuit-openmg, 
induction-type relay 

Diagrams G and H relate to induction-type relays on three- 
phase circuits At G are shown the connections for a D.P. 
circuit-closing relay, which is suitable for a circmt with un- 
earthed neutral , while at H is shown a T P. circuit-openmg 
relay, which is suitable for a circuit ha\ ing the neutral earthed 
In this case three trip coils are necessary If, however, the 
circmt-closiiig type of rela> is adopted only one tnp coil is 
required 

^ See page 174 for characteristic curves 
* See page 173 for characteristic curves 
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Fig 148 — Methods of connecting reverse-power relays 
for single-phase circuits 

The diagrams have been drawn for the double differen- 
tial type of relay (B T -H system) with shunt and series 
coils The arrows indicate the direction of current 
corresponding to forward power * with reverse power the 
current in the current coils reverses, and the beam is 
tilted in the clockwise direction 
Diagram A shows the method of connecting <i circuit closing relay — which 
type should be used for generators — the auxiliary supply for tripping pur 
poses being obtained from the excitation circuit of the machinos 
Diagrams B and C show alternative methods of connecting circuit open 
mg relays ; the former being suitable for switches with light tripping 
mechanism and the latter for switches with heavy tripping mechanism, or 
in cases where it is desired to utilize the full sensitnoncss of the relay, and 
no auxiliary supply is available With each form of circuit opening relay, 
the contacts B are closed before the contacts are opened 



kxilm DC Supply 



Connections 
Fii; 49 refers tc 
relay. 
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The methods in general use for synchromzing alternators 
are — (i) the lamp synchronizer, with voltmeter, (2) the rotatmg 
field synchroscope 

The former, when used with single-phase machines, gives no 
indication as to which of the two machines is the faster, llie 
lamps may be connected so that they are either dark or bright 
at the moment of synchronizm ^ — see Figs. 154, 155. With three- 
phase machines the lamps may be arranged — see Fig 156 — so 
that the order in which they light up indicates whether the 
incoming machine is fast or slow. 

In the Weston synchroscope — see Figs. 15^ A, 247 — a 
phase indicator is combined with the synchronizing lamp. 
The phase indicator is constructed on the lines of a wattmeter 
It IS fitted with an opal dial in froftt of the pointer and a syn- 
chronizing lamp behtftd the pointer The fixed coils, together 
with the inductive resistances, r, and the non-inductive resis- 
tance, R (Fig 151 are connected to the machine on load; 
while the moving coil, with a condenser, C, in senes, is connected 
to the incoming machine The lamp is supplied from both 
machines by means of a synchronizing transformer, Tr. When 
the machines are in exact s3mchronism the pointer coincides 
with the central mark on dial and the latter is bnghtly illumin- 
ated If the frequencies differ, the lamp will flicker and the 
pomter will deflect to nght and left alternately , but due to 
the combination of the lamp with the instrument, only alternate 
deflections of the pointer are visible. In consequence the 
pointer appears to be revolving in one direction or the other, 
accordmg to whether the incoming machme is fast or slow. 

Rotary held synchroscopes are of either the motor or the 
phase-meter (rotating vane) types. 

The motor type of instrument — Fig 152 A — consists of a 
stator — ^with a single-phase winding, which is connected to the 
machme on load — and a rotor (with a two-phase winding) to 
the spindle of which a pointer is attached. The rotor is supplied 
with spht-phase current from one phase of the incoming machine. 

When synchronizing machines by a two-pole (single-ended 
pointer) synchroscope for the first time, it is necessary to use 
lamps m conjunction with the S3mchroscope to ascertain whether 
s3mchronism corresponds to the vertically-upwards (normal) 
position or to the vertically-downwaids position of the pointer 
Should the latter be the case a leversal of the leads connected 
to terminals AB (Fig 152 A) will put matters right 

To enable one synchroscope to be used for a number of 
machines, the connections between the former and the latter 
are made by means of plugs and plug receptacles *lhe plugs 
may have two, three, four or six contacts according to the 
system of connections adopted, {see Figs r 54-1 59) Views of 
a plug and receptacle are given in Fig 249, and the methods 
of mterconnecting the contacts are shown in Fig 153 
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Fig 154. — Connections for synchronizing single-phase, 
low-voltage machine with bus-bars, using lamps 
bus-bar voltmeter, 

Kg, incoming machine voltmeter , 

Ls, synchronizing lamps , 

P„ 4-point plug receptacle (plug is shown at a, Fig. 153). 
Note. — ^Lamps are dark at moment of synchronizing. 
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Fig. 155 — Connections for synchronizing two single- 
phase, high-voltage machines, using lamps 

Each machine is provided with a potential transformer 
The full lines to the synchronizing lamps, Ls, show the 
connections for dark ** synchronizing. For “ bright " 
S3mchronizing a i i potential transformer must be con- 
nected (reversed) in the synchronizing circuit This 
transformer is shown at Z and is connected, as shown by 
dotted lines, to the points ;e, y of the synchronizing circuit 
The plugs are of the three-point type, and their con- 
nections are shown at 6, c. Fig 153 
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Fig 156 — Connections for synchronizing thiee-phase, 
low-voltage, machine with bus-bars The lamps are 
connected according to the method developed by Messrs. 
Siemens, the order in which the lamps light up indicating 
whether the incoming machine is fast or slow At syn- 
chronism, lamps i are daik, and lamps 2, 3 are equally 
bright. * 


Fig 157 — Connections 
of Weston synchroscope 
and Everett-Edgcumbe 
paralleling voltmeter for 
low-voltage, three-phase 
machine 



Two plug receptacles — one four-point (for machine 
voltmeter I'l) and one six-point (for the S3nichroscope) — 
are necessary for each machine, the connections of the 
plug receptacles being the same for all machines The 
plug contacts for the machine on load and the incommg 
machine, however, are connected differently, as shown 
in Fig 153, d, e 
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Fig. 158 — Connections for synchronizing three-phase 
high-voltage machine with bus-bars using the phase-meter, 
or rotating vane, type of synchroscope 

Pi, 2-point plug receptacle for bus-bar voltmeter, 
P,, 2-pomt plug receptacle for synchroscope (incoming 
machine). 



Fig 159 — Connections for synchronizing two high- 
voltage, three-phase machines using rotary field (motor 
type) synchroscope (B T.-H system) 

Pj, 2-pomt plug receptacle for bus-bar voltmeter 
P3, 3 -point plug receptacles for synchroscope 
For connections of plugs see Fig 153, 6,c. 


SECTION 7 

Leakage Protective Systems for Direct - 
current and Alternating -current 
Circuits 

Leakage protective detectors and indicators for T> C. 
and A.C, mining mstallations — Core-balancing 
leakage protective system for three-phase cir- 
cuits — Current-balancmg protective system for 
transformers and alternators — ^Voltage balancing 
protective system for feeders — Spht-conductor 
protective system for feeders — Auxiliary sheath 
protective system for feeders. 


lo — (51^2) 
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Fig. i6o — Connections of BT-H leakage-protective 
detector and leakage indicator for D C circuits [B T -H Co ] 
The leakage detector, LD, consists of a very sensitive 
relay, D, and an auxiliary relay, R, for controlling the 
tr p coils of the circuit breakers The sensitiveness of the 
detector-relay may be adjusted by the resistance r, while 



the relay may be cut out of 
action by the switch X 
The internal connections of 
the leakage indicator, LI, are 
shown in Fig. i6i This instru- 
ment consists of a sensitive 
moving-coil ammeter— which is 
normally shunted —a special 
switch, 5, and a relay for con- 
trolling a bell circuit For ntir- 
maJ working the switch (S) 
occupies position N for testing 
the insulation icsistances of each 
side of system the switch is 
placed in the " + ” and “ - " 
positions, the sensitiveness be- 
ing increased by open-circuiting 
the shunt at P, 


Fig i6i 
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Fig 162 — Connections of B.T -H leakage-protective 
detector and leakage indicator for three-phase A C 
circuits [B T -H Co ] 

The leakage detector LD consists of a very sensitive 
relay D and an auxiliary’ relay R for actuating the no- volt 
releases of the oil switches The neutral points of the 
generators are connected to the relay through limiting 
resistances. Re, and S P switches, Y A further adjust- 
able resistance, r, is connected in the detector-relay circuit 
The switch A' is provided for the purpose of cutting out 
the auxiliary relay, R, when connecting feeders to the 
bus-bars, thus preventing the detector tupping the 
switches due to momentarj capacity current 

The magnitude of the leakage current is limited bv the 
resistances employ ed in series wnth the detector , thus 
on a severe fault to earth occurring, it is impo'isible that 
more than a small fraction of an ampere can flow to earth 



POWER WIRING DIAGRAMS [Sec. 



Fig 163 — Connections of B T -H selective (core- 
balancing) leakage protective system for three-phase, 
three-wire circuits 

In diagrams A, the current transformers, trip coils 
and ammeters form a star-connected circuit The two 
neutral points are connected through either a lelay (as 
in diagram A) ot a. special trip coil (as in diagram B) 
Under normal conditions no cm rent is earned by this 
neutral wire, but on the occurrence ol a iault, a current 
proportional to the leakage passes through the relay or 
tnp coil 

In diagram C a special current transfoinicr — having 
three primary windings and one sccondciiy winding, all 
wound on a common core — ^is adopted 
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Fig 164. Fig 165. 


Connections of current-balancing (Merz-Pnce) system 
of protection for single-phase and three-phase transformers 

The ratios of transformation of the currert transformers inserted in the 
primar\ and secondar\ of main transformer are chosen so that each trans- 
former g^ives the same secondary current, and this nonnall> circulates m 
the secondarv circuit of the current transformers Trip coils T, Figs 
164, J65) or rela\s are connected to points in the secondar\ circuit between 
which under normal conditions, no potential dittirence exists If the 
current balance is disturbed, due to an internal fault in the trjnsfom''er 
a current proportional to the fault cum.nt will be forced through the trip 
coils, thereby operating both oil switches , _ _ 

To protect the tr instornitr igaiiist oxerlo id, strict trip coil*- ( Fit? 104} 
with time limit fuses ni.i\ be connecttil m the second irs circuit An 
alternatixe method, which di-pinsc** with the sseru" trip juiU it to connect 
time limit fusts in the secoud.irx circuit between the points to which the 
shunt trip coils are connected — see Fig 165. 
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Fig 166 — Connections of current balancing (Merz- 
Pnce) system of protection for three-phase alternator 
Similar current transformers are inserted at the ends of each 
phase, and the secondary windings aie connected so that the 
natural secondary current normally circulates A tuple-pole 
leakage-protective relay is connected to points between which, 
under normal conditions, no potential diffeience exists If 
the alternator develops a fault, the currents aie unbalanced 
and relay is operated In operating, the lelay closes the tiip- 

g ing circuits of the oil switch and the field circuit bicaker IB 
ut the latter is interlocked with the oil switch (by means of 
auxihary switch a) so that its tup coil is not energized until 
the oil switch has disconnected the machine fioin the bus-bais 
The field circuit breaker (see Figs 239, 2 to, p 191) is fitted 
with a switch for cutting-xn the discharge lesistance, DR, and 
also an auxiliary switch for opening the tnp-coil ciicuit. 





Remote end Tt - X l Remote end ' ^ 

of Feeder Tp Tap Coil or Feeder To TnpCoil 


Fig 167 

Connections of Merz-Pnce leakage protective system for 
three-phase (Fig 167) and two-phase (Fig 168) feeders. 
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Sp/it -conductor 
Feeder 



Remote end oF Feeder 


Fig. if>g — Connections of Merz-Hunter (split-conduc- 
tor) system of protection for three-phase feeder 
Note — A tnp-polo relay suitable for use with the protective s> stems of 
Figs 167, 169 IS shown in Fig 245, p lyg. 
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; 5' Core Feeder with 
I Inter-phase » Outer Sheaths 

Outer (B 0 T) 5 hecLth 

T Inter-phase Sheath 



The diagram shows 
the Bowden-Thomp- 
son leakage protective 
system applied to a 
three-phase trunk 
feeder. The system 
requires the use of a 
special cable with 
sheaths {see Fig 171). 
Each sheath is main- 
tained at a slight vol- 
tage above earth by 
means of a transformer, 
Tr, with double secon- 
dary windings which 
are connected in oppo- 
sition so that nor- 
mally no current circu- 
lates in the circuit 
comprising the relays, 
sheaths and secondary 
windings On the 
occurrence of an earth 
fault, the balance is 
disturbed and the re- 
lays are operated If 
a fault occurs between 
the phases, but not to 
earth, the potential of 
the inter-phase sheath 
IS raised, and a current 
IS forced through the 
relay circuit, thus 
operating the relays 
and tripping the oil 
switches at both ends 
ot the feeder 


Remote end 
oF Feeder 


Fig 170 — Connections of 
Macintosh-Bow den -Thompson 
system of protection for three- 
phase feeder 



138 


POWER WIRING DIAGRAMS lSec. 7 



Fig 17 1 — Cross section {not to scale) of Macintosh 
cable (Bowden-Thompson system) with inter-phase and 
outer (B O T ) sheaths 


Notes on systems of protection for feeders 

The Merz-Prtce System (Figs 167, 168) reqmres either current- 
balancing or voltage-balancing transformers with pilot wires 
and relays Voltage-balancing transformers are usually 
adopted ; they are so adjusted that when the primary cturrents 
at each end of the feeder are equal the secondary voltages are 
balanced against one another and no current is earned by the 
pilot wires. On the occurrence of a fault in the feeder, the 
voltage balance is disturbed and a current circulates through 
the pilot wires and relays 

The Merz- Hunter {or split-conductor) System (Fig 169) re- 
quires, for underground cable systems, the use of a special 
cable — cross-sections of w’hidi are shown in Figs 254, 255 — ^in 
w-hich the conductors of each phase are divided into two sections 
and insulated from each other The sections of each phase 
are connected to the oil switches through differential current 
transformers SCT (Fig 169) If the division of current between 
the sections of each phase is affected, due to a fault m feeder, a 
current — ^proportional to the fault current — ^is induced m the 
secondary of current transformer, and the relay's are operated 
To obtain the full advantages of this S3rstem of protection it is 
necessary to adopt split-contact oil switches as shown in Fig 
169 

The s>stem does not require the use of pilot wires and is 
applicable to overhead lines by a special arrangement of the 
conductors 

The Boik.'den- Thompson Systetn (Fig 170) requires the use of 
a Special cable, but does not require the use of pilot wires or 
current transformers Moreover, the system does not involv'e 
the balancing of currents or voltages, such as is required for 
the above sv stems The operation of the relays is, therefore, 
unaffected b> surges or svMtching operations 


SECTION 8 

Alternating -current Switch-gear and 
Switch Panels 

Hand-Operated and electncally-operated oil switches 
— ^Field-discharge switches — Switch panels for 
three-phase alternators (insulated and earthed 
neutral) , motor-generators , rotary converters ; 
motor-converters , two-phase feeders ; three- 
phase feeders for systems operating with 
insulated and earthed neutrals. 
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Fig 172. Fig 173 Fig. 174 

Connections of B T -H (Type OJ) hand-operated, 
ironclad, draw-out, oil switches 


These s-vvitches have been de\ eloped especially for nuning and 
industrial ser\ice. The switch mechanism, instruments (when 
fitted) and automatic de\ices are moimted on a shding carnage, 
connections to the bus-bars and cables being made by plug 
contacts — see Fig 241 (p 192) 

TiTJical combinations of switches and automatic devices are 
shown above In these diagrams Y, U represent, respectively, 
the upper and lower plug sockets m the pedestal, the former 
bemg connected to the bus-bars (or incoming cable) and the 
latter to the outgomg cable. The corresponding plugs, which 
are fitted to the carnage, are represented by X and W 

In Fig 172 the switch is provided with senes tnp coils, T, 
no- volt release, N ; an ammeter and a voltmeter.^ 

173 shows the arrangement adopted for high-voltage 
circuits In this case the no-volt release coil and voltmeter are 
supphed from a potential transformer P, which is mounted in a 
separate chamber (see Fig. 242, p 193), connections between the 
secondary wundmg and svntch carnage bemg made by means of 
plugs and sockets, Z 

Fig 174 shows the connections of a switch uith leakage pro- 
tects e relav and special core-balancing current transformer, C 
(see p 133 for particulars). 

^ Alternate ch, the \oltineterina> be mounted on the connection chamber, 
in vvhich case potential plugs and sockets (Z, Fig. 173} are required 



Fig 175 — Connections of Metropolitan-Vickers 
solenoid-operated oil switch, and controller 

The controller is arranged on the ** free-handle ” prin- 
ciple, a clutch being inserted between the drum, *1 , carrj^- 
ing the segpnents, and the operating handle, B The drum 
IS provided with a spring return from the '* close ” position 
Normally, A and B are mechanically connected by the 
clutch , but when the tripping coil of the switch is ener- 
gized, a de-clutchmg coil C, is excited, which breaks the 
mechanical connection between A and B Thus the oil 
switch cannot be held closed on a short-circuit The 
auxiliary switch, S, which controls the red (JR) and green 
(G) indicating lamps on the switch board, is operated by 
the mechanism of the oil sivitch 






Field Windmq 

Fig 177 — Connections of a double-pole field discharge 
switch 


The diagram refers to a double-throw switch, the lower main 
contacts being omitted For a smgle-throw s^\ltch the coniiec 
(shown dotted) would be substituted for the connection 
r , and the nght-hand discharge contact C would be omitted 
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The instruments on each panel include — an aninitter, a polvphabc «>dtt- 
meter, a power-factor indicator, a pol\ phase watt-hour meter (ti) and a 
D P circuit closing reverse-power rela> (iff?) 

The oil switches are pro\ided with two senes (oserload) trip cuils, with 
time limit fuses, and a shunt-tnp coil, with auxiliarv switch a, w'hich is 
energized from a special tripping circuit b 

The 4 point receptacles enable the \oltmeter 1 *^ to be connected to 
the machine on load, while the 6 point receptacles P2 are for sinchronizing 
purposes {see Fig 153 for connections of plug contacts) 





Bus Volts Ms-chme on Load Ma.chfne Incoming 

Fig 179 — Connections of switch panels for three-phase, 
high voltage alternators — earthed neutral {See p 143 
for references ) 






Fig i8o — Connections of D C panels for induction 
motor-generator sets (arranged for starting from D C side) 

\ common starting panel is proMded and each set can be started from 
either the bus bars or an auxihar\ suppl\ \t starting, switch Y is placed 
in the “starting” position, the mam negative switch is closed and the set 
IS started b\ closing the circuit breaker and switches 1 , S5, on the starting 
panel the speed being adjusted to the svnehronous speed of induction motor 
bv means of the held rheostat After the mductiou motor has been switched 
in, the D C machine is disconnected from the starting panel and connected 
to the bus -bars 

It — (sifia) 
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Fig 18 1. — Connections of switch panels for three- 
phase rotary converter started from D C side 

The machine is started from the D C bus-bars by means 
of a multi-contact starting switch (SS) and rheostat (Si?/*) , 
the circuit breaker, negative main switch and field switch 
being closed, and the equahzer bemg in the upper position 
(which short-circuits the senes field winding) 

The machine is sjTichronized on the high-tension side 
of the transformers 

P, 4-point plug receptacle for D C volts , 

Pi 2-point plug receptacle for A C bus volts , 

Pa, 4-point plug receptacle for S3mchronizing 
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Fig 1S2 — Connections of D C switch panels for rotary 
converter started from D C side using common starting 
panel for a number of machines 

The positive and equalizer switches are double throw 
At starting these switches are thrown to low’er position, 
thus connecting the machine to the bus-bars via the 
starting panel and cutting out the senes field winding 

The machine is synchromzed on the high-tension side 
of transformers when the oil switch closes, the circuit 
breaker on the starting panel is tnpped automatically by 
the closing of an auxiliary” switch on the oil switch mechan- 
ism The positive and equalizer s^\'ltches are then opened 
and the machine is connected to the D C bus-bars 
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^Auxiliary LlT) Bus-bsrs 



Starting Motor Speed Umtt 


Fig 183 — Connections of switch panels for three- 
phase rotary converter started from A C side by induction 
motor 

The machine is S3mchronized on the high-tension side 
of the transformers, exact adjustment of the speed of 
the startmg motor bemg obtained by loading one phase 
of the armature (of rotary converter) on a rheostat 

[Note — ^The induction motor has a high-resistance 
squirrel-cage rotor and the number of poles is a pair less 
than the number on the rotary converter ] 
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Fig 184 — Connections of switch panels for three- 
phase self-synchronizing rotar>^ converter — supplying 
three-wire D C system — started from A C side 

Two tappings are pro\ ided on the secondary ^vmdmgs of two 
transformers and these tappings are connected to two DP, 
DT switches A, B The sequence of starting operations is 
as follows — 

Open field-break-up switch and switches on D C panel 
Close oil sw’itch Throw switches A and B “ up ” [This con 
nects the low-\oltage tappings to slip nngs ] Throw switch 
A “ down ” [This connects the intermediate tappings to shp 
nngs ] Close field-break-up switch and if polantv is correct^ 
throw swatch B “ down” Connect machine to D C bus-bars 

' If polantv IS not corrert the armature will have to be “ slipped a pole ’ 
by reversing the field 



Pig 1S5 — Connections of switcli panels for six-phase 
self-synchronizing rotary converter supplying three-wire 
D C system 

The machine is started on the AC side at reduced 
\ oltage 

The sequence of starting operations is the same as that 
for the three-phase machine of Fig 184. 


H-l + 




Fig I S6 — Connections of switch panels for six- 
phase self-synchronizing (induction motor started) rotary 
converter 


The machine is started by an induction motor (Sil/), which 
is first connected directly to the transformers and then con- 
nected in senes with the transformers and slip nngs to enable 
the converter to synchromze. 

The sequence of starting operations is as follows — 

Open all switches on D C panel Close oil switch Throw 
switch X “ up,” switch Y being open When inachme has run 
up to speed, throw switch X down and close held switch [FS) 
If field rheostat has been pr.iperh adjusted the machine will 
pull into sjnchromsm When this occurs clo^e switch Yj open 
switch A' and connect machine to D C bus-bars 
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Fig. 187 — ^Diagram of circuits of motor-converter. 


The motor^onverter consists of an mduction machine and 
a D.C machine ngidly coupled together (see Figs 256, 257), 
the rotor wmdmgs of both machines bemg mterconnected, as 
indicated m Fig 187. The induction machine performs the 
functions of an mduction motor and a transformer, while the D.C. 
machine peidorms the functions of a generator (the mechanical 
energy being supphed by the induction motor) and a rotary con- 
verter (the electrical ener^ bemg supphed from the rotor wind- 
ing of mduction machm^. Due to me cascade connection of 
the machines the speed of the set will be given — ^m r p m — by 

lao X frequency of supply 

sum of numbers of poles on both machmes 

The rotor wmding is usually wound for twelve phases, of which 
three (on large machmes, six) are connected to shp-nngs for 
starting purposes. The shp nngs, together with the mee ends of 
the rotor winding, are connected to a short-circuiting device 
which, when closed, forms the neutral pomt of the rotor winding 
The set is started from the A C side by excitmg the stator 
i;vmdmg and closmg the rotor circmt through a non-inductive 
startmg rheostat, the field windmg of D C machme being self- 
excited and closed A portion of the rheostat is cut out to bnng 
the speed up to svnchromsm and the short-circuiting device is 
operated at synchronous speed — ^mdicated by the voltmeter 
pomter remaining stationary near zero [Note — ^While the set 
is runnmg up to speed and the D C. machme is buildmg-up, the 
voltmeter pointer oscillates over a portion of the scale. As the 
speed approaches synchronism the oscillations become slower 
and at synchronous speed the pomter remains at rest near zero ] 
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Fig 1 88 — Connections of switch panels for Peebles 
motor-converter [Bruce Peebles & Co ] 

The set is started from the A C side, the sequence of operations 
being as follows — 

Close oil switch and s^Mtch A WTien \oltineter, T', indicates 
synchronism close s\Mtch B and short-circuit slip rings 

The starting rheostat is permanently adjusted so that the set 
will reach synchronous speed when the field rheostat is in the 
normal position. Adjustment of speed (if required) lor syn- 
chronizing may be obtained by adjusting the field rheosiac 
Fig 257 (p 304) shows a group of machines with starters 
The left-hand and right-hand sw'itches on the starters 
correspond, respecti\ ely, to sw»itches A and B above 
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Fig 189 — Connections of starting switches and rheo- 
stat for Peebles three-wire, self-synchronizing motor- 
converter 

The starting rheostat consists of a fixed non-inductive 
resistance (as shown in Fig 188) As the speed of the set 
approaches synchronism a choking coil is connected 
across two of the shp rings, which enables the machine 
to lock into synchromsm automatically 

The starting operations are as follows — Close oil switch 
and switch A When machine has run up to speed, 
dose switch B Short-circuit the slip rings as soon as 
the machine locks into synchronism Finally dose 
switch C and open switches A, B 

Note — ^The self-synchromzmg feature of the motor 
converter has been developed by Messrs Bruce Peebles 
& Co and results in the starting operations for these 
machines being exceedingly simple 

Thus, as far as starting and operation are concerned, 
the self-synchronizing motor-converter is the simplest 
of all dasses of converting machmery. 
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Connections of feeder panels for two-phase three-wire 
circuits Fig 190, outgoing feeder Fig 1 91, incoming 
feeder 

Note to Figs 190-197 — ^The protective devices on the 
outgoing feeder panels consist of time-limit overload 
tnp coils, T, and a low voltage release, N The panels 
for the three-phase circuits with earthed neutral are 
equipped with leakage protective trip coils — connected 
in accordance w'lth Fig p 132 — in addition to 

overload trip tfiils and a low -voltage release 

The protective apparatus on the incoming feeder panels 
consists of a circuit-opening reverse power relay RR 




Connections of feeder panels for three-phase circuits with insulated neutral Figs. 192, 193, 
outgoing feeders Fig 194, incoming feeder 





outgoiiiR feeders , Fig 197. incoming feeder 



SECTION 9 

Automatic Voltage Regulators 



Fig 198 — Connections of B T -H. Timll regulator 
(Type TD, Form CKJ) for small D C generators The 
rheostat y is provided for the purpose of adjusting the 
bus-bar voltage p i:)8 for illustration of regulator.] 

Tirnll regulators are of the vibrating contact type and operate 
by rapidly short-circuitmg and cutting-in the field rheostat ot 
generator (or exciter, m the case of separately-excited machines) 

The essential parts of a TimU reg^tor are (i) a differential 
relay, with laimnated magnetic circuit and contacts suitable 
for opening and closmg a shunt circiut across the field rheostat, 
(2) a control relay, for operating the differential relay. 

The differential relay (J 2 , Figs 198, 200) has a pivoted arma- 
ture, the free end of which carries a contact, which, when the 
relay core is demagnetized, is held up against a fixed contact 
by means of a spring These contacts (6, Figs 198, 200) are 
connected to the terminals of the field rheostat ma a cut-out 
switch (Z, Fig 198) and a reversing switch, Y, by means of 
which the direction of current through the contacts can be 
reversed, thus producmg umform wear on both contacts A 
condenser, is coimected m parallel with the contacts h for 
158 
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the purpose of preventing arcing. One winding of the relay 
IS excited directly from the D C. bus-bars (or exciter) and the 
other winding is excited from the same source of supply through 
the contacts, a, of the control relay 
The control relay of the D.C. regulator consists of a solenoid 
C, having an adjustable core (at bottom) and a movable plunger 
which IS attached to a pivoted lever canying one of the contacts 
a, the free end of the lever being supported by a sprmg which 
tends to keep the contacts a closed. The solenoid is excited 
from the bus-bars and is so adjusted that at normal voltage 
the pull on plxmger just balances the upward pull due to the 
spring. When the voltage is below normal, contacts a are 
closed and the core of difterential relay (IS) is demagnetized: 
contacts h are, therefore, 
closed and the held rheo- 
stat is shunted WTien 
the voltage is abo^e 
normal, contacts a are 
open and the core of 
relay is magnetized, 
thus openmg contacts b 
and cuttmg-m the held 
rheostat, which must be 
set to mamtam, without 
regulator, a voltage 
about 40 per cent below 
normal Under normal 
conditions the contacts Fig 199 — Schematic diagram of 
a, & are m rapid \’ibra- connections of Timll A C regulator, 
tion, the time of \abra- 

tion varymg iMth the load and dependmg on the point of the 
magnetization curve at which the generator is workmg 

If compounding of the bus-bar \ oltage is required the solenoid 
C, carries a second winding, which is excited from a shunt 
inserted in one of the bus-bars betiveen the generators and 
feeder panels, as shown m Fig 198 This wmdmg is connected 
in opposition to the main winding With large D C generators 
the held is separately excited from an exciter set, and the regu- 
lator operates on the held circuit of the exciter In this case 
the regulator is similar to that illustrated m Fig 252. 

The control relay of the A.G. regulator consists of two solenoids 
and a double system ot pivoted leiers which carry the contacts 
controlhng the differential rela> One solenoid, E (Figs 199, 
200) IS excited from the exciter circuit, while the other, C, is 
excited from a potential transformer connected across the bus- 
bars This solenoid (C) ma> also be wound with a differential 
wmdmg, which is excited from a current transformer m the 
mam circuit as showTi m Fig 199 The solenoid C is so designed 
and adjusted that, for constant voltage, the pull is independent 
of the position of the plunger A weight 11 is, therefore, used on 
the lever to maintain equihbnum 

With constant bus-bar \ oltage the position of equihbnum 
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of this lever will varj’^ v^th the circuit conditions, and, as the 
movements of the lever are damped by a dashpot the lower 
of the mam contacts a may be considered as stationary so long 
as the circmt conditions remain constant The exciter solenoid, 
E, will then regulate the exater for constant voltage m the 
manner described above 

Should the circuit conditions change, the position of equih- 
brium of the mam control lever (when normal voltage has been 
restored) will be altered, and the exciter will be regulated to 
give a voltage corresponding to the excitation required on the 
alternator 



Fig 200 — Connections of B T -H Tirrill regulator 
(Type TA, Form AA2) for A C generators The rheostat 
r is provided for the purpose of adjusting the bus-bars 
voltage The switch A cuts out the control solenoid, C, 
and the swutch B connects the regulator to the exciter of 
the machine to be regulated 
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Browu-Boveii yolti^e re^latocs consist of a spnng-controlled 
motor, operated by the voltage of the circuit to be regulated. 
The armature of motor is lightly pivoted and transmits its move- 
ments to two or more contact sectors which roll over the con- 
tacts of a special rheostat in the field circuit of generator (or 
exciter), thereby adjustmg the excitation to the required value. 

The driving system of the B.C. regulator (Figs sox, 202) con- 
sists of an armature with a smgle coil, A, which moves in the 
field produced by an electro-magnet, the coil (A) and exciting 
wmdmg (i) of electro-magnet being connected m senes across 
the bus-bars. Compoundmg of the bus-bar voltage is obtamed 
by a windmg, I (op^iosmg the excitmg winding i), which is 
coimected to a shunt inserted m one of the bus-bars {see Fig. 
205), an adjustable resistance, «, being connected in parallel 
with this windmg for the purpose of adjustmg the compoundmg 

The torque exerted by the armature is dependent upon the 
bus-bar voltage, and the movement of the armature is opposed 
by a spnng, /, the tension of which can be adjusted by a worm 
and worm-wheel, r, by -which means the regulator can be set 
to a defimte bus-bar voltage In order to obtain an astatic 
condition over the whole range of movement of the armature 
the strength of the magnetic field and the torque are arranged 
to mcrease m the same proportion. 

The contact sectors, a, are centred m jewelled bearings 
mounted on springs, <2, which are earned on the armature spindle 
The sectors (and contacts, k) are arranged radially relative to 
the armature so that the spnng pressures neutralize each other, 
thus rendering the whole system practically fnctionless 

The damping system consists of an alummium disc, o, which 
is dnven from the armature spmdle by a toothed sector, p, 
and which rotates between the poles of two permanent magnets, 
m The sector, p, is flexibly connected to the armature spmdle 
by a sleeve and spring couphng, ^ This arrangement pro- 
vides a small time lag between the mo\ement of the armature 
and that of the dampmg system, so that, at the moment a 
change of voltage occurs, the dampmg device is inoperati\e 
and the armature carries the contact sectors momentarily past 
the actual position which they should occupy. The movement, 
however, is qmckly followed by a movement of the damping 
disc and the contact sectors are brought back to their finm 
position without oscillation 

The armature and movmg system may be locked by mechani- 
cally coxmecting a pointer xr, attached to the armature, to a 
projection, y, earned on the contact arm x. 

The driving system of the A.C. regulator (Figs 203, 204) 
consists of a hght alumimum drum, c, which is pi\oted between 
the poles of an electro-magnet, e, the wmdings of which are 
arranged to produce a rotating field The torque is balanced 
by a compensated spring s>stem so that the resultant opposing 
torque is constant for all positions of the armature. 

Note — ^The maxitnum voltage variation of a circuit controlled an 
automatic voltage regulator is generalU Itsss than i per cent of normal 
voltage under any conditions of load 
12 — (5162) 
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Fig 205 — Circuit connections of Brown-Boven D C 
regulator. 



Fig 206 — Circuit connections of Brown-Boven A C. 
regulator 








APPENDIX I 

Tables, Curves and Data relating to 
Control Apparatus 

Curves of full-load currents for D.C and A.C. motors 
— Particulars of cables — Overload' ratmgs of D.C 
and A C motors and generators — ^Fuse wires for 
porcelain-handle fusible cut-outs — Service ratmgs 
of starting rheostats for D C and A C motors — 
Startmg current and torque for three-phase mduc- 
tion motors w’lth squirrel-cage rotors — Ratings of 
tnp coils for oil switches — ^\''olt-amperes required 
by A C. switchboard mstruments — Characteristic 
curves for time limit overload relays, dash-pots 
and fuses 
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Fig 207 — Curves of approximate full-load currents of direct-current motors 
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TABLE 

Particulars of Cables 


Number of Wires and 
Diameter of each 

Wire (In ) 

Nommal cross-sectional 
area of Cable. 

Resistance per 1000 
yards at 60® F 

Maximum 
permissible 
Current ^ 

Voltage drop per 
zoo ft of cable 
when carrymg 
maximum per- 
missible current 


Rubber- 

insulated 

Cables 

III 

li|f 

"Paper- 
msiilated 
Cables 
(130* F) 


Sq In 

Ohms 

Amp 

Amp 

Volts 

Volts 


1/044 

0-0015 

1579 

61 

— 

3*5 

— 


if 064 

0 003 

7-46 

12 9 


35 

““ 


7 lo 4 i 

00125 

2 29 

31 

42 

2 6 



7 052 

0 017 

164 

37 

57 

2 2 

36 


7 /*o 64 

0 022 

X 08 

46 

75 

I 8 

3*12 


I 9/-052 

004 

0 606 

64 

104 

14 

243 


I9 /;o 64 

0 06 

04 

83 

135 

I 22 

2 08 


19/ 072 

0075 

0316 


157 

X 12 

I 92 


19/ 083 

0 I 

0 238 

118 

191 

X 02 

I 75 


37 / 064 

0 12 

0205 

130 

mm 

0*98 

1 66 


37/-072 

015 

0 162 

152 

246 


155 


37/ 083 

0 2 

0 122 

184 

296 

0 82 

1*4 


37/ 093 

0 25 

0 097 

214 

343 

075 

I 3 


37 / 103 

03 

0079 

240 

385 

0-69 

I 17 



■MB 

0059 

288 

464 

0 62 

I 06 




0 04S 

332 

540 

0 58 

1 0 




MM 

384 

624 

0-55 

095 





461 

738 

054 

0 92 



bI 

0 0331 

595 

932 

m 

0 83 



^ It must not be assumed that this current is always permissible [see below) 

The figures in these columns apply to situations where the temperature of the 
air does not exceed 80° F {26 7^t ) The values given for the maximum per- 
missible current allow for a nse of temperature of 2o”F (x i x°C ) for rubber-insulated 
cables, and of 50” F. (27 8” C ) for paper-insulated cables. A margin in the maximum 
possible temperature of the cables has been allowed to provide for contingencies, 
the hmiting temperatures being X20° F. (48 9** C ) for rubber-insulated cables and 
176® F (80® C ) for paper-insulated cables. 

* Mmimum msulation resistance per mile at 60® F — 600-2,000 megohms (depend- 
mg on size of cable). Test pressure — 1,000 volts (alternating) for half an hour. 
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[I E.E Wiring Rules] 


1 Mimmum Radial Thickness of Dielectric | 

Miuimum Taickness of 
Lead Slieath. 

Approximate 
Overall 
Diameter of 
Complete 
Rubber- 
insulated 
Cable. 

If 

S3 

if 

P N 

II 

1r 

Paper 

In 

In 

In 

In 

In 

0034 

0055 

— 

— 

o*i8 

0034 

0057 


— 

0*2 

0 043 

0 06 

0 08 

0 06 

0*29 

0 046 

0 061 

0 08 

006 

0*32 

0.049 

0 062 

0 08 

o*o6 

0*36 

0056 

0063 

0 08 

0 06 

0-44 

0062 

0065 

0 08 

007 

0-51 

0 066 

0 066 

0 08 

007 

0*6 

0 072 

0 072 

0 08 

007 

0 66 

0075 

0075 

0 08 

007 

0 7 

0 08 

0 08 

0.08 

007 

077 

0 088 

0 088 

0 08 

007 

0*89 

0095 

0095 

009 

0 08 

097 

0 102 

0 102 

009 

0 08 

1 06 

0 114 

0 114 

009 

0 09 

i 2 

0 I 2 I 

0 121 

009 

0 09 

i '3 

0 125 

0 125 

0*1 

0 X 

143 

0 131 

0 131 

0 I 

0 I 

155 

0 141 

0 14Z 

0 n 

1 

0 II 

177 


* Minumum insulation resistance per mile at 60® F —2,500-5,000 megohm* 
(depending on size of cable) Test pressure — 2,500 \olts (alternating) for half 

^Note — ^T he minimum size o cable will be determined as foUov-s — 
a For lighting circuits —By the permissible \oltage drop, i!vhich under 
c^nriitinns must not exceed 2 per cent, plus a constant allowance of 1 \olt [No 
cable smaller than z 044 is alloi^ed ] j e -c 

b For power circuits.— By the rise in temperature, which must not exceed 20 i- 
(II 1® C ) for rubber insulated cables 
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TABLE II 


Tbupbraturb Rise and Overload Rating op Machines and Transpcrmbrs 


Class 

TVPE^ 

Temperature I 

Max permis- 
sible observable 
temperature* 
®C. 

Overload 

rating 

uous 

ervice 

Over- 

load 

(percent) 

Duration 

®C 

“F 

Fractional H P. motors 
(D.C and A.C ) 

1 T^B 

40 

55 

72 

90 

Field coils® 
95" 

• Armature* 90® 
Commutator* 
90®. 

25 

ibr 

Small self-ventilated motors 
(with fan) 

VP, VE 
PV 

40 

72 

25 

ibr 

Medium size D C. Motors and 
generators without ventilat- 
ing fans* (30-200 H P ) 

P 

TE,M 

40 

50 

72 

90 

25 

23 

1-2 hrs 
i-i hr 

Large D C. machines 

0 

40 

72 

25 

2 hrs. 

Polyphase ( 2-25 H P 1 

Induction •< 30-100 H P • 
Motors ( above roo H P i 

P, 

EV„PV 

PE.M. 

(40 

50 

72 

90 

' Windings® 95® 
UninsTd rotor 
bars* 100® 
’Sliprmgs* 90® 
Field coils® 
05 * 

' 25 
• 25 

25 

I hr 
^ hrs 


0 

40 

72 

) ro 

5 23 

cont 

2 hrs. 


Transfonners — ^air-cooled I 

„ —oil-cooled . II 


Max permissible ten'p 95** C (by resistance). 

Max. permissible temp of ml 90* C (by thermometer). 
Max, permissible temp of windings 95** C (by resistance . 


^ 0 , open jP, wotected, TE, totally enclosed, mining (flame-proof), V? 
ventilated protected ; E 7 ., enclosed ventilated , PV , pipe ventilated 

• At sea-level (30* barometer), air temperature not exceedmg 25* C (77® F ) 

' For dass A insulation (i.e cotton, silk, enamel, paper, etc) For class B insulation (mica, 
asbestos, etc ) the maximum permissible temperature is 20® C higher than that given 

* Self-ventilated machines (with fans) have t. e same rating as protected type madimes 
s Temperature to be obtained by resistana measurements 

« Temperature to be obtained by thermometer. 


TABLE III 


Fuse Wires for Porcelain Handle Fusible Cut-outs [B T -H Co ] 


Contmuous 

rating of 
cut-out. 

Gauge of 

Fuse 

Wire' 

No of 
strands m 
parallel 

Contmuous 
ratmg of 
cut-out 

Gauge of 
Fuse 
Wire ^ 

No of 
strands in 
parallel 

amperes. 

3 

SW.G 

36 

X 

amperes 

75 

SWG 

20 

4 

5 

36 

2 

zoo 

20 

6 

8 

36 

3 

150 

z8 

5 

12 

36 

6 

200 

z6 

5 

20 

22 

I 

230 

z6 

6 

30 

20 

X 

300 

x6 

7 

40 

18 

I 

330 

15 

6 

50 

20 

2 

400 

14 

6 

60 

z6 

z 

500 

13 

6 


^ Tinned copper wire to be used. 

The fuses are rated to blow at twice thp normal (full-load) current (1 e 100 per 
cent overload) on a time basis of two mmutes With a lower ratmg the fuse would 
attam an excessive temperature when carrymg full-load current When a lower 
rated fuse is reouired the cartridge (enclosed) type must be used 
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TABLE IV 

Service Ratings of Hand-operated Starting Rheostats for 
D.C. AND AC. Motors 


1 

Rated H P. 
of Motor. 

DC Starting Rheostats. 

AC Starting 
Rheostats 

Duration of Start- 
ing Period for 
“ Light duty ” 
Rteostats ^ 

Duration of Start- 
ing Period for 
“ Heavy-duty” 
Rheostats ^ 

Duration of 
Starting Period * 


Seconds 

Seconds 

Seconds. 


5 

— 

— 

2 

6 

— 

40 

5 

75 

60 

40 

10 

10 

60 

40 

15 

12-5 

60 

40 

30 

20 

60 

50 

50 

30 

60 

60 

75 


60 

60 


^ For starting agamst full load torque Momentary current peaks during starting 
not to exceed 150 per cent of full load current 

* For starting against full load torque 

Intervals between successive starts agamst fuU-load torque — 15 minutes with 
ventilated resistances ; 30 mmutes witb totallv-encicsed resistances. 

For services involving frequent starting against full load a drum-tvpe controller 
with external resistances (or, altemati\ely, a multiple-switch starter or an auto 
matic contactor-type starter) must be adopted Resistances for drum-type con- 
trollers are usually rated for a two minute starting period and permit of an interval 
of 45 seconds on the first step of controller 


TABLE V 


Approximate Values of Starting Current (at Full Voltage) 
AND Starting Torque for Three phase, 5o-cycle, Induction 
Motors with Squirrel-cage Rotors [BT-H Co] 


H P of Motor 

Average Startmg Current 

Average Starting Torque 

h-l 

Per cent ot Full-load 
Current 

400 

Per cent of Full-load 
Torque 

125 

2-5 

500 

225 

7 i-i 2 

500 

200 

15-20 

500 

175 

25-40 

500 

150 

40-100 

550 : 

125 

125-150 

550 ! 

75 
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TABLE VI 

Ratings of Trip Coils for On. Switches 


Type of 
Coil 

Rating. 

Remarks 

Senes 

(direct) 

From 5 to 500 amp. 

Ratmg of coil is current 
whicm it can carry continu- 
ously 

Rated current of trip coil must correspond 
to overload (ampere) rating of ap- 
paratus controlled by oil switch. 

Currents in excess of rated current can 
only be carried momentarily. 

Series 
(for use 
with 
trans- 
formers) 

5 amperes (Standard) 


Shunt 

xoo-650 volts. 

Designed for momentary service The 
circuit of trip coil should be opened 
either by mam contacts of oil switch 
or by a circuit-openmg auxiliary switch 
operated by the oil switch mechanism 

Low- 

voltage 

XO0-6S0 volts 

Designed for continuous service The 
low-voltage release is usually designed 
so that the switch cannot remain in the 
closed position if the line voltage falls 
to 50 per cent of normal 


^ Wound for a secondary current of 5 amperes 


TABLE VII 

VOLT'AMFSRES REQUIRED BY A C SWITCHBOARD INSTRUMENTS WHEN USED WITH 

Current and Potential Transformers 


Type of Instrument. 

Volt-amperes 
correspondmg 
to full-scale 
deflection 

Ammeters* — moving-iron (electro-magnetic) type— d'' scale 
•1 — » n li — lo'-ia' scale 

„ — ^induction t3T)e 

3-5 

7-X0 

zo 

Voltmeters* — ^moving-iron type — e*" scale . 

„ — „ „ — io'-i2* scale 

„ — mduction type 

lo-ia 

15 

zo 

WattmrfKs^-dyniiinoBieter type ^ 


Power-factor Indicators*— dynamometer type^ po&^iaJ*coils 

1-2 (per phase) 

5 (per phase) 

Frequency Indicators* — reed type 

6 

Synchroscopes* 

50 

Relays — Overload time limit* (mduction type) 

„ -Reverse pow<ii>(diflMmtialtyp.)|^“^^^ 

RRill 


^ 5-ampere instrument. * xzo-volt instrument. 

* S-ampere current coils ixo-volt potential coils 
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Torgue given, and current taken ^ by motor nhen connected direct 
to supply. 

Fig. 209 — Curves showing relation between starting 
current and torque for three-phase induction motors 
started by auto-transformer, T -H. Co ] 

Thasc curves are used m conjunctioa with Table V for determining the 
starting performance of motors with sqmrrel-cage rotors The ordinates 
and abscissae are expressed in terms of hill-load current and torque. 


ISil 


120 140 160 180 200 220 240 260 280 300 

Cwrretvt {per cent of full load) 

Fig 210 — Characteristic curves for Ferranti time limit 
overload relay (induction type) 

Curves C, B, A c 'rrespond respectively to time settings of o, 5, 10 (on 
mstiuinent scale) and a load setting equivalent to 125 per cent of normm 
load Curves c, b, a correspond respectively to time settings of o, 5, to ana 
a load setting equivalent to i75 per cent of normal load 
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Fig. 211. — Charactenstic curve for B T -H time limit 

dashi-pot 



fuses. 

The figures gi\en against the individual cur\es are the nominal fusing 
currents of the fuses 

Note — ^P uses rated below 4^ amperes arc intended for special trip coils 
and the current coils of reverse power rela\s 

Fuses rated from 4} amperes upwards may be used with st<mdard overload 
tnp coils, which may be set to operate at 4 amperes. 
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Fig 213 — B T -H safety short-circuiting switch for 
field rheostats (For connections, see Fig 7, p 5 ) 

The switch, is normally closed by the springs, D, 
assisted by gravity", and, when closed, short circuits the 
field rheostat The solenoid, C, is not sufficiently powerful 
to open the switch, but will hold it open when it is once 
raised In order to raise the swntch, the contact arm of 
rheostat must be moved to ** all-resistance-out ** position, 
when the arm will engage a trigger and open the sivitch 
The solenoid will then hold the switch open, and the 
speed of the motor may be adjusted by the field rheostat. 

The solenoid is connected in senes with the field wnnding 
and w'lll cease to hold the switch in the open position 
immediately the field circuit is interrupted Thus, when 
the motor is re-started, a full field is obtained irrespective 
of the actual position of the rheostat handw'heel This 
device prevents an adjustable-speed motor being started 
up on a wreak field 
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Fig 214. Fig 215 


Fig 214 — ^BT-H 4-point starting switch (in closed 
position). 

The resistance contacts are mounted on each side of a 
double blade, and connect alternately with the outer face 
of each blade the two blades being connected in parallel 
in the running position of switch An extra contact, 
which IS clearly shown in the illustration, is provided for 
the field circuit (For connections, see Fig 13, p n ) 

Fig 215 — Igranic " Conspede '* control panel (For 
description and connections, see Fig 9, p 7 ) 
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Fig 2 1 6. — ^Igranic multiple-switch starter. 

The switches are of the lammated-brush type and are clohcd by means 
of a toggle mechanism This operation requires bath hands and necessi- 
tates a hand over-hand movement, as each switch must be held closed until 
the succeeding switch is closed The last switch is retained in the closed 
position by means of a no-volt release magnet 



Fig 217. — Igranic, mulliplo-finger typo, self-acting 
starter The fingers are actuated by a shaft which is 
operated by a solenoid, the movement being retarded by 
an air dash-pot (For connections, see Fig 16, p 15 ) 

13— (316a) 
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Fig 220 — B T -H Automatic pressure governor with 
relay (For connections, see Fig no, p 94 ) 

The relay is energized by contactb on the pressure gauge and controls the 
automatic starting and stopping of the motor The connections are so 
arranged that the operating circuit of the relay is broken by its own con- 
tacts, thus preventing sparking at the gauge contacts The operating coils 
of the relay are energized momentaiilv 



Fig. 221 — Igramc 
self-acting starter 
(For connections, see 
Fig iS, p. 16 ) 

The starter consists of a 
solenoid -operated starting 
rheostat, the mocement of 
the switch lever being re- 
tarded b> an oil dashpot, and 
a contactor for closing and 
opening the mam circuit 
The contactor is interlocked 
ivith the switch lever so that 
the former cannot clo!»e un- 
less the latter is in its lowest 
position 
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Fig 322 . — ^Igranic Universal Control Panel for elec- 
tncaJly-dnven pnnting presses and machine tools (For 
connections and descnption, see ^ 17 ) 

The panel is equipped with a D P main switch, a self- 
actmg starter and a field rheostat The D P switch is 
operated by an external hancUe, which is interlocked with 
the cover so that the latter cannot be opened when the 
switch IS closed. The starter is arranged for push-button 
control. 












Fig 223. Fig 224 

Front and side views of B T -H (Type SMC) automatic starter with senes lock-out 
contactors and overload relay — covers removed. (For connections, zee Fig 21, p. 20.) 
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Fig 225 — B T -H. (Type RJVIC) automatic starter ^Mth 
senes-relay tj’pe contactors, overload relay, field relay 
and field rheostat. (For method of operation, see pp 
25, 26) 
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Fig 228 — Inter 
mediate floor limit 
switch 



Fig 229 — Bottom 
floor limit switch 


Fig 226 — Igranic control panel for 4-floor push 
button controlled lift 

The connections for a two-floor hft are given m Fig 47 , 
p 40, and the method of working is descnbed on p 41 
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Fig 230 — ^Igranic automatic starter for single-phase 
induction motors (For connections, see Fig 84, p. 74 ) 

The starter is intended for use with motors in which 
two windings are provided on the stator — one being a 
starting winding and the other a mam winding it con- 
sists of four D P contactors and two senes relays, the 
latter being excited by the rotor currents Two con- 
tactors control the stator arcuits, while the other two 
cut out the starting resistance from the rotor circuit 
under the control of the relays When all the starting 
resistance has been cut out, the starting winding is 
automatically disconnected from the supply 
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Fig 233 — Operating switch of B T -H (Typo NR) 
auto-transformer starter — oil lank removed (For 
connections, see Fig 95, p 81 ) 

The switch is of the double-throw type it consists of 
two sets of (fixed) contact fingers and two (movable) bars, 
of insulating material, carrying contacts corresponding 
to the fingers, the movable contacts being connected to 
fixed terminals by flexible connections One set of 
fingers with the corresponding set of contacts, forms the 

starting ” side of the switch, while the other set forms 
the “ running ** side The contact bars have a straight- 
hne motion and are operated from a central shaft, the 
operating handle having three positions, ''off," 

" startmg." “ running " An automatic latch prevents 
the handle being thrown direct from " off " to " running," 
and a spring returns it to the " off " position from either 
of the other positions The switch is held in the " run- 
ning " position by another latch (as shown in Fig 233) 
which IS fitted with a no-volt release. 
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Fig 234 — Ellison starting rheostat for three-phase 
induction motors (For connections, see Fig 99, p 84 ) 

The starting switch controls both the stator and rotor 
circuits : it is provided with a no-volt release, connected 
across two of the lines, and an overload release connected 
in either the stator or rotor circuit, the former method being 
only adopted with motors fitted with shp-rmg short- 
circuiting gear With the standard method of connection 
(1 e overload release coil in rotor circuit) the overload 
coil is only in circuit in the ** running " position of the 
starting switch. 
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Fig. 235 Fig 236 


BT-H (Type T 502) BT-H (Type T 29) 
Controller for reversible Controller for non-reversing 

three-phase induction mo three-phase motor 

tor. 

The controller cylinder 
The controller cylinder controls the rotor circuit, 
controls both the stator the stator circuit being 
and rotor circuits The controlled by an oil switch 
connections are given in The connections are given 
Fig loi, p. 86. m Fig. 103, p. 87. 



Fig. 237, — T -H. (Type CR) auto-transformer auto- 
matic starting panel for thxee-phaae motors with squirrel- 
cage rotors. (For connections^ see Fig. no, p 94 ) 
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Fig 238. — ^Metropolitan-Vickers automatic slip regula- 
tor for three-phase induction motor (For connections, 
see Fig 1 13, p 97 ) 

The regulator consists of a water-cooled liquid iheostat, the 
movable electrodes of which are operated by means of a “ motor- 
magnet ” — an induction motor with short-circmted rotor — 
which is energized from senes transformers connected in the 
circmt of the mam motor. The handwheel is provided to 
enable the regulator to be operated as a startmg rheostat. 

Note. — ^W’^ith the legulator m working order fi e. the elec- 
trode chambers and tank fidl of liqmd) and the motor-mag- 
net ” unexated, the weight of the electrodes and supenmposed 
liqmd overbalances the counter weights on the “ motor-magnet 
lever,” and the cross-bar rests upon the projecting forks Thus 
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when the forks are raised to the upper limit of their travel^^for 
starting the motor the maximum resistance is inserted in *the 
rotor circuit. For normal worlong, the forks occupy the 
position shown in the illustration, and the cross-bar is 
suspended on the levers of the motor-magnet 



Fig 239 Fig 240. 

B T.-H. Field circuit breaker, closed and open. 

This circuit breaker is designed for the purpose of 
cutting out, automatically, the held of a faulty alternator 
immediately after the machme has been disconnected 
from the bus-bars The breaker is tripped by a shunt 
tnppmg coil which is energized by the protective relay 
— see Fig 166, p 134, for connections — and a discharge 
resistance is connected to the field winding before the 
mam circuit is broken. 
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Fig. 241 — ^B.T -H (Type OJ2) “ draw-out " oil switch, 
showing switch body drawn out for inspection, cover open 
and oil tank lowered 

A description of this switch, together with connection 
diagrams, is given on p. 140 
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Fig. 247 — Phantom view of Weston synchroscope 
showing fixed and movable coils, pointer and lamp 
(For connections, see Fig 125) 



Fig 248 — B T -H. Synchroscope (bipolar motor type) 
196 
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Fig 249 — T -H 4-point synchronizing plug and 
receptacle o x- e> 



Fig 250 — ^Brown-Bo ven automatic voltage regulator 
for A C. circuits. (For description and connections, see 
pp. 161-164.) 
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Fig 251— BT-H. TxmU regulator (Type TD, Form 
GG) for small DC. generators (For description and 
connections, see pp 15S-160) 

The control relay is shown to the left, and the differentia 
relay is shown to the right. 
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Fig 252 — B T -H Timll regulator (Type TA, Form 
AA2) for A C machines (For description and connections, 
see pp, 158-160 ) 

The regulator illustrated is suitable for controlling one 
alternator with its exciter The control relaj^ occupies 
the upper portion of the case — ^the exciter control solenoid 
being to the left, and the main control solenoid tn the 
right — ^while the differential relay occupies the lower 
portion of the case 
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Fig 253 — Carbon-pile regulator for controlling * ' Entz ** 
automatic reversible booster [The Chloride Electrical 
Storage Co ] 

The operating solenoid, with its suspended plunger 
and one of the bus-bar connections, is shown mounted 
on the bracket at the back of the panel The handwheel 
controls the tension of the spring (enclosed in the tube) 
■which balances the pull of the solenoid Thus the (genera- 
tor) load for which the booster is regulated can be adjusted 
to suit the number of machines running 
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Fig 254 — ^Full-size, cross-sectional, view of split- 
conductor cable, supplied by Messrs. W. T Henley’s 
Telegraph Worls Co. to the North-East Coast Electric 
Supply Co. 

Specification , — o i sq in , three-core, split-conductor 
cable, insulated with impregnated paper, with jute worm- 
ings between cores, sheathed with a solid drawn tube of 
pure lead, served with two coats of Hessian tape, armoured 
with a layer of galvanized steel wire, agam served with 
two coats of Hessian tape, finished with compound and 
tarred For a working pressure of 6,000 volts 
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Fig 255 — ^Full-size, cross-sectional, view of 0*1, sq 
in , 20,000 volt, split conductor cable, supplied by Messrs 
W T Henley's Telegraph Works Co to the Buenos Ayres 
Western Radway (Suburban lines electrification) ^ 

Specification is similar to that for the 6,000- volt cable 
on p 201 Working pressure 20,000 volts. 

' Messrs Henley have informed the author that they have supplied 
115,800 meters (ya miles) of this cable to the B A W.R 
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Fig 257 — ^Peebles $00 kW motor converters in mdustnal works substation The starting 
gear is shown m the foreground (For connections, see Fig 188, p 153 ) 
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XX5-XX8 

Methods of starting D C. motors, 3, 

14 

single-phase motors, 70 
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Regulators — (automatic voltage) 
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formers, xx3 
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Rotary converters, methods of 
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ers, X54 
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Startms rheostats for D C. motors, 
4 ^seq 
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switdbes. Su Switches 
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Switchboard instruments (AC) — 
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— oil, 140, 141 
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* €t seq, 
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— — plugs, connections of, 125 
Synchroscopes, 124, 196 


Tappet switch control, 15 
T-connection of transformers, Z05 
Three-wire D C. generators, con- 
nections of, 46 

D C supply system, connec- 
tions of, 55-57 
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Z02 
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overload connections 
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Transformers (instrument), con- 
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Transformers, protection of, 133 
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ing on three-phase circuits, 

XZ4 
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Y-conmection of transformers 
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Manual Instruction : Woodwork By S Barter 
Manuscript and Inscription Letters By 
Edward Johnston. Fifth Impression 
Manuscript Writing and Lettering By An 
Educational Expert ..... 

Metal Work By Charles G. Leland. Second 
Edition ...... 

Needlework in Beligion. By Mrs Antrobus and 
Miss Preece ....... 

Ornamental Homecrafts By Idaha B 
Littlejohns ...... 

Plywood and Glue, Manufacture and Use of 
By B. C Boulton, B Sc . 

Pottery, Handcraft. By H. and D. Wren 
Stained Glass, The Art and Craft of. By E W. 
Twinmg ...... 

Stencil-Craft By Henry Cadness, F.S A M 
Weaving for Beginners By Luther Hooper 
Weaving with Small Appliances — 

The Weaving Board By Luther Hooper 
Table Loom Weaving By Luther Hooper 
Tablet Weaving. By Lutitier Hooper 
Wood-Carving By Charles G Leland Fifth 
Edition ....... 

Woodcarving, Handicraft of By J ames J ackson 

TEXTILE MANUFACTURE, Etc. 
Artificial Silk. By Dr O Faust Translated 
from the German by Ernest Fyleman, B Sc , 
Ph D., F I C. 

A.RTIFICIAL Silk. By Joseph Folteer Translated 
into Enghsh by T. Woodhouse. Fourth Edition 


5. d 
15 0 
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Artificial Silk By Dr V. Hottenroth. Trans- 
lated from the German by Dr E Fyleman, B Sc. 30 0 
Artificial Silk or Rayon, Its Manufacture 
AND Uses By T. Woodhouse, F.T I . .76 

Bleaching, Dyeing, Printing, and Finishing 
for THE Manchester Trade. By T W McMyn. 

F C S , and J W Bardsley . . ..60 

Colour in Woven Design. By Roberts Beaumont, 

M Sc., M I Mech E. Second Edition, Revised a.Tid 

Enlarged 21 0 

Cotton Spinner’s Pocket Book, The. By James 

F. limes 3 6 

Cotton Spinning Course, A First Year. By 

H A J Duncan, ATI 50 

Dress, Blouse, and Costume Cloths. Design and 
Fabric Manufacture By Roberts Beaumont, 

M Sc , M I Mech.E., and Walter G HiU . . 42 0 

Flax Culture and Preparation. ByF Bradbury 
Second Edition . . . . . . 10 6 

Furs AND Furriery. By Cynl J. Rosenberg . 30 0 

Hosiery Manufacture By W. Davis, M A. .76 
Pattern Construction, The Science of. For 
Garment Makers. By B. W. Poole . . . 45 0 

Spinning, Weaving, and Finishing of Flax and 

Jute. By T Woodhouse, F.T I., and P. Kilgour 10 6 
Textile Calculations By J H Whitwam, B Sc 

(Lend ) .... . . 25 0 

Textile Educator, Pitman’s Edited by L J 
Mills, Fellow of ike Textile Institute In three 
volumes ... . . 63 0 

Textiles, Introduction to. By A. E Lewis, 

A.MCT. 3 6 

Towels and Towelling, The Design and Manu- 
facture of By T Woodhouse, F T I., and A. 
Brand . . . . 12 6 

Union Textile Fabrication By Roberts 

Beaumont, M Sc , M I Mech E. . - , 21 0 

Weaving and Manufacturing, Handbook of. 

By H Greenwood . ... 5 0 

W^ooLLEN Yarn Production. ByT Lawson . 3 6 

W^ooL Substitutes. Bv Roberts Beaumont . . 10 6 
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Yarns and Fabrics, The Testing of. By H P. 

Curtis . . • • • « • *50 

DRAUGHTSMANSHIP 
Blue Printing and Modern Plan Copying By 

B J Hall. MIMechE 6 0 

Blue Print Reading. By J Brahdy, B Sc , C E 10 6 
Drawing and Designing. By Charles G. Lelaud, 

M A Fourth Edition . . . . .36 

Drawing Office Practice By H. Pilkington 

Ward, M Sc , A M Inst C E 7 6 

Engineer Draughtsmen’s Work By A Practical 

Draughtsman . . . . . .26 

Engineering Hand Sketching and Scale 
Drawing By Thos Jackson, M I Mech E , and 
Percy Bentley, AMI Mech E. . . • .30 

Engineering Workshop Drawing. By A C 

Parkinson, A C P. (Hons ), M Coll H (Hons.) . 4 0 

Machine Design, Examples in. By G W. Bird, 

B Sc 6 0 

Machine Drawing, A Preparatory Course to 

ByP W Scott 2 0 

Manual Instruction . Drawing By S Barter . 4 0 

Plan Copying in Black Lines By B J. Hall, 

M I Mech E 2 6 

PHYSICS, CHEMISTRY, Etc. 

Botany, Test Papers in By E. Drabble, D Sc 2 0 
Chemical Engineering, An Introduction to 
B y A F. Allen, B.Sc (Hons ), F C S , LL B .10 6 

Chemistry, A First Book of. By A Coulthard, 

BSc (Hons), PhD, F.I,C. . . . .30 

Chemistry, Test Papers in. By E. J Holmyard, 


M A 2 0 

With Pomts Essential to Answers . . .30 


Chemistry, Test Paper in. Higher. By the same 
Author 1. Inorganic 2 Organic . . Eadi 3 0 

Dispensing for Pharmaceutical Students By 

F J Dyer and J. W Cooper . . . .76 

Electricity and Magnetism, First Book of By 
W Perren Maycock, M I E E Fourth Edition . 6 0 

Magnetism and Electricity, Higher Test 

Papers in By P. J. Lancelot Smith, M A .30 
Engineering Principles, Elementary By G, E. 

Hall, B.Sc 


2 6 
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Enginb£ring Scibncb. a Przmbr of By Ewart 
S Andrews^ B Sc. (Eng ) Complete Edition 
Part. I. First Steps in Applied Mechanics . 
Physical Science, Primary By W R Bower, B.Sc. 
Physics, Experimental. By A. Cowling. With 
arithmetical answers to the problems . 

Physics, Test Papers in. By P J Lancelot- 

Smith, M A 

Points Essential to Answers, 4s In one book . 
Science of the Soil, The By Charles Warrell . 
Volumetric Analysis. By J. B Coppock, B.Sc 
(Lond.), F.I.C . F.C S Second Edition 
Volumetric Work, A Course of By E. Clark, 
B.Sc 

METAI^LURGY AND METAL WORK 

Aircraft and Automobile Materials — ^Ferrous. 

ByA.W Judge, Wh Sc, ARCS . 

Aircraft and Automobile Materials — ^Non- 
Ferrous AND Organic. By A. W Judge, Wh Sc., 

ARCS 

Ball and Roller Bearings, Handbook of. By 
A W. Macaulay, AMI Mec^ E . . • 

Engineering Workshop Exercises. By Ernest 
Pull, AMI Mech.E , M.I Mar E Second Edition, 
Revised ....... 

Files and Filing. By Ch. Fremont, translated 
mto English under the supervision of George 
Taylor . ....... 

Fitting, The Principles of By J Homer, 
A M I M E Fifth Edition, Revised and Enlarged 
Ironfounding, Practical By J. Homer, 
A M I M E Fourth Edition .... 

Metal Turning. By J Homer, A M I M E 
Fourth Edition. Revised and Enlarged 
Metal Work, Practical Sheet and Plate. By 
E. A Atkins, A M I M E Third Edition, Revised 
and Enlarged. ...... 

Metallurgy OF Cast Iron ByJ E Hurst . 
Pattern Making, The Principles of By J 
Homer, A M 1 M E Fifth Edition . 

Pipe and Tube Bending and Jointing By S P 
Marks, MSIA.. 


s. d. 
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Pyrometers By E Griffiths, D Sc. . 

Steel Works Analysis By J. O Arnold, F.R S.. 
and F. Ibbotson Fourth Edition, thoroughly 
Revised ....... 

Turret Lathe Tools, How to Lay Out. Second 
Edition ....... 

Welding, Electric By L. B. Wilson . 

Welding, Electric Arc and Oxy-Acetylene. 

By E A Atkins, AMI M.E 

Workshop Gauges and Measuring Appliances. 

By L Bum, AMI Mech E., AM I E E . 
Workshop Practice. Edited by E. A Atkins, 
M I Mech E , M I W E In eight volumes 
Each . . ... 

I Tools, Calculations, Drawing, Metals. 
II Pattern-making and Foundry Work. 

III Steels, Lathes, Shaping, Planing. 

IV Grinding, Slotting, Milling, Jigs and 

Tools, Turrets 

V. Drop Forging, Die Making, Press 
Working and Stamping, Practical 
Blacksmithing 

VI Sheet and Plate Metal Working, 
Wire and Tube Manufacture, Gear- 
cutting. 

VII Fitting and Engine Erection Part I. 
VIII Fitting and Engine Erection Part II. 


MINERALOGY AND MINING 

Blasting with High Explosives By W, 
Gerard Boulton , . ... 

Coal Carbonization. By John Roberts, D I C , 

MIMinE, FGS 

Colliery Electrical Engineering By G. M 
Harvey ....... 

Compressed Air Power By A W Daw and 

Z.W Daw 

Electrical Engineering for Mining Students 
By G. M Harvey, M Sc , B Eng , A M I E E . 
Electricity Applied to Mining By H. Cotton, 
M.B.E , M Sc , A M I E E 


s d 
1 6 

12 6 

6 0 
5 0 

1 6 

5 0 

6 0 
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Electric Mining Machinery, By Sydney F. 
Walker, MI EE, MIM.E., AM.LC.E., 
A.Amer.I EE 

Gold Placers, The Dredging of. By J. E. 
Hodgson, F,R G S. 

Low Temperature Distillation By S. North 
and J B Garbe ...... 

Mineralogy By F. H Hatch, PhD, FGS., 
M 1 C.E , M.I M M. Fifth Edition, Revised. 

Mining Certificate Series, Pitman's Edited by 
John Roberts, D.I C., M I Min E., F G.S., Editor 
oiTJie M%n%ng Educator — 

Mining Law and Mine Management. By 
Alexander Watson, A R S,M. 

Mine Ventilation and Lighting. By C. D. 
Mottram, BSC 

Colliery Explosions and Recovery Work. 
By J W. Whitaker, Ph.D. (Eng), BSc.. 

F.I C , M I Min E 

Arithmetic and Surveying By R. M. 

Evans, B Sc , F G S , M I Min E. . , - 

Mining Machinery. By T. Bryson, A.R.T.C.. 

M I Min E 

Winning and Working By Prof. Ira C. F 
Statham, B Eng , F G.S., M I.Min E. 

Mining Educator, The Edited by J. Roberts, 
DXC., M,I Mm E , F.G S Intwovols. . 

Mining Science, A Junior Course in. By Henry 
G Bishop 

Tin Mining. By C. G. Moor, M.A, 


CIVIL ENGINEERING, BUILDING, Etc. 

Audel's Masons’ and Builders’ Guides. In four 

volumes E^ch 

I. Brickwork, Brick-laying. Bonding, De- 
signs 

2 Brick Foundations, Arches, Tile Setting, 
Estimating 

3. Concrete Mixing, Placing Forms, Rein- 

forced Stucco. 

4. Plastering, Stone Masonry, Steel Con- 

struction, Blue Prints. 


s d 

15 0 
5 0 
15 0 
. 6 0 

8 6 
8 6 

8 6 

8 6 

12 6 

21 0 

63 0 

2 6 
8 6 

7 6 



8 


pitman’s technical books 


Audel's Plumbers* and Steam Fitters' Guides. 

Practical Handbooks in four volumes . Each 

1. Mathematics, Physics, Materials, Tools, 

Leadwork 

2. Water Supply, Drainage, Rough Work, 

Tests 

3 Pipe Fitting, Heating, Ventilation, Gas, 

Steam. 

4 Sheet Metal Work, Smithing, Brazing, 

Motors. 

"The Builder" Series — 

Architectural Hygiene ; or. Sanitary 
Science as Applied to Buildings By 
Bamster F Fletcher, F R I B A., F.S .1., and 
H Philhps Fletcher. F.R.IBA., F S.I 
Fifth Edition, Revised .... 
Carpentry and Joinery By Banister F. 
Fletcher, FRIBA, FSI, etc., and H. 
Phillips Fletcher, FRIBA, F.S I , etc 
Fifth Edition, Revised .... 
Quantities and Quantity Taking. By 
W E Davis Sixth Edition 
Building Educator, Pitman's Edited by R 
Greenhalgh, A I Struct E In three vols . 

Field Manual of Survey Methods and Opera- 
tions. By A. Lovat Higgins, B Sc , A.R C S , 

A M I.C E 

Field Work for Schools. By E. H. Hamson, 
B Sc , L C.P , and C A Hunter 
Hydraulics By E H Lewitt, B Sc (Lond.), 
M.IAeE,AMIME Third Edition 
Joinery and Carpentry Edited by Richard 
Greenhalgh, A I Struct E. In six volumes 

Each . 

I. Tools, Machines, Joints, Fixings 

II. Doors, Panelling, Geometry, Windows 

III. Timber, Stairs and Handrails, Floors, 

Partitions 

IV. Roofs, House Fitments, Church Fittings, 

Setting Out, Steel Square. 

V Technical Drawings, Veneering, Tim- 
ber-framed Buildings, Calculations, 
Design and Ornament, Shop Fronts 
AND Fittings 


s d 
1 6 


10 0 

10 G 
6 0 
63 0 

21 0 
2 0 
10 6 

6 0 
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VI Sh IP J OINERY, Tempo rarv Work, Mechan- 
ics, Bank and Office Fittings, Admin- 
istration OF A Joinery Business, 
Glossary. 

Surveying and Surveying Instruments. By 
GAT Middleton, A R I B.A., M.SA. Tlurd 
Edition, Revised ...... 

Surveying, Tutorial Land and Mine. By 
Thomas Bryson ...... 

Water Mains, Lay-out op Small. By H. H. 
Hellins, M Inst C E . . . . 

Waterworks for Urban and Rural Districts 
B y H C Adams, M Inst C E , M I C E , F S.I. . 

CONSTRUCTIONAL ENGINEERING 

Reinforced Concrete, Detail Design in. By 
Ewart S Andrews, B Sc (Eng ) . . . 

Reinforced Concrete ByW Noble Twelvetrees, 
MIME,AMIEE 

Reinforced Concrete Members, Simplified 
Methods of Calculating. By W Noble 
Twelvetrees. Second Edition, Revised and 
Enlarged . ...... 

Specifications for Building Works, By W. L 
Evershed, F S I . 

Structures, The Theory of. By H W Coultas, 
M Sc , AMI Struc E , A I Mech E. . 

MECHANICAL ENGINEERING 

Au del’s Engineers’ and Mechanics* Guides In 
eight volumes Vols. 1-7 . . Each 

Vol 8 . - , . . . - 

Condensing Plant By R J Kaula, M I E,E , and 
I V Robinson. M I E E 

Definitions and Formulae for Students — 
Applied Mechanics By E H Lewitt, B Sc , 
AMI Mech E . . . . 

Definitions and Formulae for Students — ^Heat 
Engines By A Rimmer, B Eng . 

Diesel Engines Marine, Locomotive, and 
Stationary By David Louis Jones, Instructor, 
D%esel Engine Department, U S Navy Submarine 
Department . 

% 


s. d. 


6 0 
10 6 
7 6 
15 0 

6 0 
21 0 

5 0 
5 0 
15 0 
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30 0 
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Engineering Educator, Pitman's. Edited by 
W. J. Kearton, MEng., A M.I Mech.E , 

A MJnst N A. In three volumes . . . 63 0 

Friction Clutches By R. Wanng-Brown, 

AMI AE. FRS.A. MIRE. . . .50 

Fuel Economy in Steam Plants By A. Grounds, 

B. Sc, AIC, AMIMinE 5 0 

Fuel Oils and Their Applications By H. V. 

MitcheU, F.CS 5 0 

Mechanical Engineering Detail Tables By 

John P Ross 7 6 

Mechanical Engineer's Pocket Book, 
Whittaker's Third Edition, entirely rewritten 
and edited by W. E Dommett, A.F Ae S , 

AMI.AE 12 6 

Mechanics' and Draughtsmen's Pocket Book. 

By W. E Dommett, Wh Ex,AMIAE . . 2 6 

Mechanics for Engineering Students By G 
W Bird, B Sc , A M.I.Mech.E . . .50 

Moluer Steam Tables and Diagrams, The. 
Extended to the Critical Pressure English 
Edition adapted and amplified from the third 
German Edition by H Moss, D Sc., A R C.S , 

Die 7 6 

Moluer Steam Diagrams Separately in envelope 2 0 

Motive Power Engineering For Students of 
Mining and Mechanical Engmeenng By Henry 

C. Hams, B Sc . . . . . 10 6 

Steam Condensing Plant. By John Evans, 

M Eng., AMI Mech E , . . , .76 

Steam Plant, The Care and Maintenance of. 

A Practical Manual for Steam Plant 'Engineers 
By J E Braham, B Sc , A C G I. . . .50 

Steam Turbine Theory and Practice By W. J 

Kearton, A M I M E Second Edition . .15 0 

Strength op Materials By F V. Wamock, Ph.D , 

B Sc. (Lond ), F.R.C Sc I , A M I Mech E. . 12 6 

Theory op Machines By Louis Toft, M Sc Tech , 
and A T J Kersey, B Sc . . . . 12 6 

Thermodynamics, Applied By Prof W Robinson, 

M E , M lust C E 18 0 

Turbo-Blowers and Compressors By W J. 

Kearton, A.M.I.M.E . . . . . 21 0 
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AERONAtrriCS, Etc. 

Abrobamcs. By Major O. Stewart, MC, AFC. 5 0 
Aeronautics, Elementarv , or. The Science 
AND Practice of Aerial Machines. By A. P 
Thurston, D Sc Second Edition . . .86 

Aeroplane Design and Construction, Elemen- 
tary Principles of By A W. Judge. A.R.C.S . 

Wh Ex , A M I A E. . . . . .76 

Aeroplane Structural Design By T. H. Jones, 

B Sc , A M I M E , and J D. Ftier, A E.C Sc., 

Die . .... 21 0 

Aircraft, Modern By Major V W. Pag6. Air 

Corps Reserve, USA.. . . . . 21 0 

Airmen or Noahs.'* Fair Play for Our Airmen 
By Rear-Adm. Murray F. Sueter, CB,RN,MP 25 0 
Airship, The Rigid By E. H. Lewitt. BSc, 

M I Ae E . . . . , . 30 0 

Learning TO Fly ByF A Swoffer, Chief Instruc- 
tor to the Hampshire Light Aeroplane Club 
With a Foreword by Air Vice-MardiaL Sir Sefton 
Brancker, K.C B , A F C , Director of Civil Avia- 
tion, Air Ministry 7 6 

Pilot's " A " Licence. Compiled by John F. 
Leeming, Royal Aero Club Observer for Pthfs 
CerttficcUes Second Edition • . • .36 

MARINE ENGINEERING 
Marine Screw Propellers, Detail Design of. 

By Douglas H Jackson, M I Mar.E , A M I N A. 6 0 

PHOTOGRAPHY, Etc. 

Amateur Cinematography, By Capt O Wheeler, 

FRPS .60 

Camera Lenses ByA W Lockett . . .26 

Colour Photography By Capt O Wheeler, 

FRPS . . . . . 12 6 

Commercial Photography By D Charles . .50 

Complete Press Photographer, The By Bell 

R Bell ... . .60 

Lens Work for Amateurs ByH Oxford. Fourth 

Edition . .... 3 6 

Photographic Chemicals and Chemistry By 

T L J Bentley and J Southworth . . .36 

Photography as a Business By A G Wilhs . 5 0 
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Retouching and Finishing for Photographers. 

By J. S. Adamson . . . . . .40 

ASTRONOMY 

Astronomy, Pictorial. By G. F. Chambers, 

FRAS . .26 

Astronomy for Everybody. By Professor Simon 
Newcomb, ]LLD. With an Introduction by Sir 
Robert Ball .... ..50 

Great Astronomers By Sir Robert Ball, D.Sc., 
LLD.FR.S. ... ..50 

High Heavens, In the. By Sir Robert Ball, . 5 0 

Rotation of the Earth, Planets, etc. The 
Cause of the By Samuel Shields . . . 10 6 

Starry Realms, In By Sir Robert Ball, D.Sc., 

LLD.FR.S 5 0 

ILLUMINATING ENGINEERING 
Modern Illuminants and Illuminating 
Engineering. By Leon Gaster and J S. Dow. 

Second Edition, Revised and Enlarged • . 25 0 

MOTOR ENGINEERING 

Automobile and Aircraft Engines. By A. W. 

Judge, A R C S , A M I.A E . . . . 30 0 

Carburettor Handbook, The By E W Knott, 

AMIAE 10 6 

Coil Ignition for Motor-Cars By C Sylvester, 

A M I E E , A M I.Mech E 10 6 

Gas and Oil Engine Operation By J Okill, 

M I A E. . . . . .50 

Gas Engine Troubles and Installation, with 
Trouble Chart By John B. Rathbun, ME. 2 6 

Gas, Oil, and Petrol Engines By A Garrard, 

Wh Ex 6 0 

Magneto and Electric Ignition ByW Hibbert. 

AMIEE . . ..36 

Motor Truck and Automobile Motors and 
Mechanism By T H Russell, AM, ME, 
with numerous Revisions and Extensions by 
John Rathbun ... .,2b 

Thorn YCROFT The Book of the By “ Auriga . 2 6 



pitman’s technical books 13 


Motor-Cvcust’s Library, The Each volume m 
this senes deals with a particular type of motor- 
cycle from the point of view of the owner-dnver 

!Rar;h 2 0 

A J S , The Book op the By W C. Haycraft 
Aeiel, The Book of the By G. S Davison*. 

B S A , The Book of the. By “ Wavsider.” 

Third Edition 

Douglas, The Book of the By E W. Knott. 

Second Edition. 

Motor-Cvcling for Women. By Betty and 
Nancy Debenham, with a Foreword by 
Major H R Watling 

P. AND M , The Book of the By W. C. 
Haycraft. 

Raleigh Handbook, The. By “ Mentor.*' 

Second Edition 

Royal Enfield, The Book of the. By R. E. 

Ryder 

Rudge, The Book of the By L H Cade. 

Triumph, The Book of the By E T. Brown. 
ViLLiERS Engine, The Book of the. By 
Cyril Grange 

Motorists* Library, The Each volume in this 
senes deals with a particular make of motor-car 
from the point of view of the owner-dnver. The 
functions of the vanous parts of the car are 
descnbed in non-techmcal language, and dnvmg, 
repairs, legal aspects, insurance, tourmg, equip- 
ment, etc., all receive attention. 

Austin Twelve, The Book of the By B 
Garbutt and R Twelvetrees Illustrated by 
H M Bateman Second Edition . .50 

Standard Car, The Book of the. By 

** Pioneer ** 6 0 

Cl YNO Car, The Book OF the ByE T Brown 3 6 
Singer Junior, The Book of the By G. S 

Davison . .,.,,26 

ELECTRICAL ENGINEERING, Etc. 
Accumulator Charging, Maintenance and 

Repair By W S Ibbetson . ..36 

Accumulators, Management of By Sir D. 

Salomons, Bart Tenth Edition, Revised. • ,76 
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Altsrnating Current Bridge Methods of 
Electrical Measurement By B Hague, B.Sc 15 0 

Alternating Current Circuit By Philip Kemp, 

MIEE 2 6 

Alternating Current Machinery, Design of 
B y J R Barr, A M I E E , and R D Archibald, 

BSc, A.MICE, AMIEE . . . . 30 0 

Alternating Current Machinery . Papers on the 
Design of. By C C. Hawkins, M A , M I E E , 

S. P Smith, D Sc , M 1 E E., and S Neville, B Sc 21 0 

Alternating Current Power Measurement By 

G F. Tagg . 3 6 

Alternating Current Work By W. Perren 
Maycock, MIEE. Second Edition . . . 10 6 

Alternating Currents, The Theory and 
Practice of By A. T. Dover, MJ EE, . .18 0 

Armature Winding, Practical Direct Current 

By L. WoUison , . . . . .76 

Continuous Current Dynamo Design, Elemen- 
tary Principles of By H. M Hobart, MICE, 

MJ.ME, MALEE 10 6 

Continuous Current Motors and Control 
Apparatus By W. Perren Maycock, MIEE, 7 6 
Definitions and Formulae for Students — 
Electrical By P Kemp, M Sc , M I E E . 6 

Direct Current Electrical Engineering, 

Elements of. By H. F. Trewman, MA, and 
C, E. Condhffe, B Sc . . . . .50 

Direct Current Electrical Engineering, 

Principles of. By James R Barr, A M I E E. . 15 0 

Direct Current Dynamo and Motor Faults 
B y R M. Archer ... ..76 

Direct Current Machines, Performance and 
Design of. By A. E Clayton, D Sc , M I E E . 16 0 

Dynamo, The Its Theory, Design and Manufacture 
By C C Hawkins, MA, MIEE. In three 
volumes Siicth Edition — 

Vol I 21 0 

Vol. II . 15 0 

Vol III . 30 0 

Dynamo, How to Manage the By A E. Bottone 
Sixth Edition, Revised and Enlarged 


2 0 
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El FCTRic Bells and All About Them By S R. 
Bottone. Eighth Edition, thoroughly revised bv 

C. Sylvester, A M I.E E ^ 

Electric Circuit Theory and Calculations By 
W Perren Maycock, M I E E Third Edition. 
vised by Philip Kemp, M Sc . M I E E , A A.I E E. 
Electric Light Fitting. Practical By F C. 

Allsop Tenth Edition Revised and Enlarged 
Electric Lighting and Power Distribution! 
ByW Perren Maycock, M I E.E Nmth Edition] 
thoroughly Revised and Enlarged 

Vol I. . . . . . . 

Vol II 

Electric Lighting in Factories and Workshops. 

ByLeonGasterand J. S. Dow . . . . 

Electric Lighting in the Home. By Leon Caster 
Electric Motors and Control Systems By A. 

T Dover, M I E E . A Amer.I EE.. . . 

Electric Motors (Direct Current) : Thisir 
Theory and Construction By H M. Hobart, 
M.IE.E, MlnstCE, M Amer.I E E Third 
Edition, thoroughly Revised .... 
Electric Motors (Polyphase) : Their Theory 
AND Construction By H. M Hobart, 
M Inst C E , M I E E , M Amer I.E E. Third 
Edition, thoroughly Revised .... 
Electric Motors for Continuous and Alternat- 
ing Currents, A Small Book on. By W Perren 
Maycock, M 1 E E 

Electric Traction. By A T Dover, MI EE, 
Assoc Amer I E.E Second Edition 
Electric Wiring Diagrams By W Perren May- 
cock, M I E E 

Electric Wiring, Fittings, Switches, and Lamps. 
By W. Perren Maycock, M I E E. Sixth Edition, 
Revised by Philip Kemp, M.Sc , M I E E . 
Electric Wiring Tables By W Perren Maycock, 
MI EE, and F. C. Raphael, M I E.E. Fifth 
Edition . . . • > 

Electrical Condensers By Philip R Coursey, 
B Sc . F Inst P , A M I E E 
Electrical Educator By J A. Fleming, MA., 
D Sc., F R S. In two volumes 


5 . d. 

3 6 

10 6 
7 6 

10 6 
10 6 

15 0 

15 0 

15 0 

6 0 
21 0 
5 0 

10 6 

3 6 
37 6 
63 0 
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Electrical Engineering, Classified Examples 
IN By S Gordon Monk, B.Sc (Eng ), A M I E E. 

In two parts — 

Vol. I, Direct Current . . . .26 

Vol. II, Alternating Current . . .36 

Electrical Engineering, Elementary By O. 

R RandaU, Ph.D , B Sc , Wh Ex . . .50 

Electrical Engineer's Pocket Book, Whit- 
taker's Originated by Kenelm Edgcumbe, 
MIEE, AMICE Sixth Edition Edited by 
R. E Neale, B Sc (Hons ), ACGI,AMIEE 10 6 

Electrical Instruments in Theory and 
Practice, By W. H F Murdoch, B Sc , and 

U A Oschwald, BA 12 6 

Electrical Instrument Making for Amateurs 
B y S R Bottone Ninth Edition . . .60 

Electrical Insulating Materials By A Monk- 
house, Junr., M.I.E E , A.M I Mech E . . 21 0 

Electrical Guides, Hawkins'. Each book in 
pocket size . . . . . . .50 

No 1 Electricity, Magnetism, Induction, 
Experiments, Dynamos, Armatures, 
Wmdings 

„ 2 Management of Dynamos, Motors, 

Instruments, Testing. 

„ 3 Wiring and Distribution Systems, 

Storage Batteries 

„ 4 Alternating Currents and Alternators 

„ 5. A C Motors, Transformers, Converters, 

Rectifiers 

„ 6. AC Systems, Circuit Breakers, 

Measuring Instruments 

,, 7. AC Wirmg, Power Stations, Tele- 

phone Work 

,. 8 Telegraph, Wireless, Bells, Lighting 

,, 9 Railways, Motion lectures. Automo- 

biles, Igmtion 

,, 10. Modem Applications of Electricity 

Reference Index 

Electrical Machines, Practical Testing op. 

By L. Oulton, A M I E E , and N J, Wilson, 

M,1.E E Second Edition . . . .60 
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Electrical Technology By H. Cotton. M B E 

MSc. A.MJEE *; 12 6 

Electrical Terms, A Dictionary of. By S R 
Roget, M A , A M Inst.C E,AMIEE . . 7 6 

Electrical Transmission and Distribution 
Edited by R O Kapp, B Sc , Chartered Electrical 
Engineer 

I, Overhead Transmission Lines . 6 0 

II Power CaDles , . . . .60 

III Switchgear. Part I . . . .60 

IV Switchgear Part II . . . .60 

V Sub-station Work Part I . . .60 

VI Sub-station Work Part II . .60 

VII Instruments and Meters . . .60 
VIII. Auxiliary Plant . . . .30 


Electro-Motors How Made and How Used 
By S R Bottone Seventh Edition. Revised by 

C Sylvester, AMIEE 46 

Electro-Technics, Elements of. By A P, 
Young O B E , M.I E E . . . .50 

Engineering Educator, Pitman's Edited by 
W J Kearton, M Eng , AMI Mech E , AM 
Inst N A. In three volumes ... 63 0 

Induction Coils By G E Bonney. Fifth 
Edition, thoroughly Revised . . . .60 

Induction Coil, Theory of the. By E Taylor- 

Jones,, D Sc , F Inst P 12 6 

Induction Motor, The By H Vickers, Ph D , 

M Eng . . 21 0 

Kinemaiography Projection A Guide to By 
Cohn H Bennett. FCS.FRPS . .10 6 

Mercury-Arc Rectifiers and Mercury-Vapour 
Lamps By J A, Fleming, MA,DSc,FRS . 6 0 

Oscillographs By J T Irwin, M I E E .76 

Power Station Efficiency Control By John 

Bruce, AMIEE . ... 12 6 

Power Wiring Diagrams By A T Dover, 

M I E E , A Amer I E E Second Edition, 
Revised ... ..60 

Practical Primary Cells By A Mortimer Codd, 

FPhS 5 0 
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Railway Electrification By H F. Trewman, 

AM.IEE 21 0 

Steam Turbo-Alternator, The. By L. C. Grant, 

A M.I E E 15 0 

Storage Batteries : Theory, Manufacture, 

Care, and Application By M. Axendt, EE .18 0 

Storage Battery Practice. By R. Rankin, B Sc , 

MI.EE 7 6 

Transformers for Single and Multiphase 
Currents. By Dr. Gisbert Kapp, M.Inst C E , 

M I E.E. Third Edition, Revised by R. O. Kapp, 

B Sc 15 0 


TELEGRAPHY, TELEPHONY, AND 
WIRELESS 

All Europe ** Three,” The. By C M R. Balbi, 

AMI.EE,ACGI 6 

Baudot Printing Telegraph System By H. W. 

Pendry. Second Edition . . . .60 

Cable and Wireless Communications of the 
World, The By F. T Brown, CB, CBE„ 

MA, B.Sc, (Lond.) 7 6 

Crystal and One-Valve Circuits, Successful. 

By J. H. Watkins • • . • . .36 

Loud Speakers. By C M R Balbi, with a Fore- 
word by Professor G W. O. Howe, D Sc , M.I.E.E, 

A.M I E.E., A.C.G.I 3 6 

Radio Communication, Modern ByJ H Re5nier. 

Second Edition . . . . . .50 

Radio Year Book, Pitman's. Pubhshed annually 

in December 16 

Telegraphy. By T. E. Herbert, M I E E 

Fourth Edition 18 0 

Telegraphy, Elementary. By H. W. Pendry 

Second Edition, Revised . . . .76 

Telephone Handbook and Guide to the Tele- 
phonic Exchange, Practical By Joseph Poole, 

A M.I E.E. (Wh.Sc.). Seventh Edition . . 18 0 

Telephony By T E Herbert, M I E E . . 18 0 

Telephony Simplified, Automatic By C W 
Brown, A.M I E E , Engyneer-in-Chief s Depart- 
ment, G PO t Londcm 6 0 
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Telephony, The Call Inpicator System in 
Automatic. By A. G. Freestone, of the Automatic 
Training School, G P.O., London . • .60 

Telephony, The Director System of Automatic. 

By W. E. Hudson, B.Sc. Hons. (T/jndon), 

Whit.Sch., A.C G,1 5 0 

Wireless Manual, The. By Cap! J. I«Vost . 5 0 

Wireless Telegraphy and Telephony, Intro- 
duction to. By l^rof. J A. Fleming . .36 


MATHEMATICS AND CALCULATIONS 
FOR ENGINEERS 

Algebra, Common-Sense for Juniors. By F. F. 

Potter, M.A., B.Sc., and J. W. Rogers, M.Sc. . 3 0 

With Answers . . . , , .36 

Algebra, Test Papers in. By A. E. Donkin, M A. 2 0 

With Answers 2 6 

With Answers and i^oiuis Essential to Answers . 3 6 

Alternating Currents, Arithmetic of. By E H. 

Crapper, M.I.K E . * . . . .46 

Calculus for Engineering Students. By John 
Stoney, B.Sc , A M I.Miii E , . . .36 

Definition.s and I^'ormulae for Students — 
Practical Mathematics. By L Toft, M Sc. . 0 6 

Electrical Engineering, Whittaker's Arith- 
metic OP Third ICdition, Revised and Enlarged 3 6 

Electrical Measuring Instruments, Com- 
mercial By R M Archer, B Sc (Lond ), 

ARC Sc., M I E.E . . . . 10 6 

Geometry, Elements of Practical Plane By 

P W Scott 2 6 

Also in two ]iarts ..... Each 1 0 

Geometry, Test Papers in By W E Paterson, 

M A , B Sc . . . , 2 0 

Points Essential to Answers, Is In one book 3 0 
Graphic Staiics, Eljsmentary By J T Wight, 
AMIMechE . . 5 0 

Kilograms into Avoirdupois, 'Fable for the 
Conversion of. Compiled by Rcdvers Elder. 

On paper . . ..10 

Logarithms i^or Beginners. By 0, N Pickworth, 

Wh Sc. Fourth Edition • . . . .16 
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Logarithms. Five Figure, and Trigonometrical 
Functions By W E Dommett. A M 1 A £ . and 
H C Hird, A F.Ae S (Reprinted from Mcdhe - 
maUced Tables ) . . . . . .10 

Mathematical Tables By W. E Dommett, 

A M I A E . and H C Hird, A F Ae S . .46 

Mathematics and Drawing, Practical. By 
Dalton Grange . . . . . - 2 6 

With Answers . . . . . .30 

Mathematics, Engineering Application of. By 

W C. Biddey, M Sc 5 0 

Mathematics, Experimental. By G R Vine, B Sc. 

Book I, with Answers . . . .14 

Book II, with Answers. . ..14 

Mathematics for Technical Students By 

G E. Hall . ... 5 0 

Mathematics, Industrial (Preliminary.) By G. 

W Stnng^ellow 2 0 

With Answers . ... 2 6 

Mathematics, Introductory By J. E Rowe, 

PhD . 10 6 

Measuring and Manuring Land, and Thatchers' 

Work, Tables for By J CuUyer Twentieth 
Impression . . . . . . .30 

Mechanical Tables ByJ Foden . . 2 0 

Mechanical Engineering Detail Tables By 

John P Ross. . . . . , .76 

Metalworker's Practical Calculator, The 

By J Matheson .... .20 

Metric and British System of Weights, Mea- 
sures, AND Coinage By Dr. F, Mollwo Perkin . 3 6 

Metric Conversion Tables. By W. E Dommett 
AMIAE . . . .' 1 0 

Metric Lengths to Feet and Inches, Table for 
the Conversion of Compiled by Redvers Elder 
On paper . . . . . . . 1 0 

On cloth, varnished .... 2 0 

Mining Mathematics (Preliminary). By George 

W Stiingfellow . . . .16 

With Answers . . .20 

Quantities and Quantity Taking By W. E 

Davis. Sixth Edition . . . . .60 
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Reinforced Concrktr Mwmbbrs, Simplified 
M sTHons OF CALCtTLATiN<». lly W. N. Twelve- 
trecSi M.I.M.K., A.MJ.KK, Second Kdition, 

Revised and ICnlargeil 5 0 

Russian WifiitniTS ani> Mkasurrs, with their 
British and Mktric ICouivalbnts, Tables of. 

By Redvera Kldt^r . . . . . .26 

Slide Rule, The. 3iy C N. Pickworlh, Wh Sc. 

Seventeenth ICdhioii, Reviat^d . * . .36 

Slide Rule : Its C)i»kuations ; and Digit Rules, 

The. By A. I.K)vat Higgins, A.M Inst, C.E. 

Steel*s Tables. Compil<»d by Joseph Steel . . 3 

Telegraphy and Telisphony, Arithmetic of. 

By T. E Ilertiort, M.l.K.K . and R. G. de 

Waidt 5 0 

Textile Calculations. By J. IT. Whitwam, B.Sc 25 0 
Trigonometry for I^nginrers, A Primer of. By 
W G. Dnnkley, B.Sc. (lions.) . . . .50 

Trigonometry por Navic;ating Officers. By 
W. Percy Wml or, B.Sc, (Hon ), Lond. . . 10 6 

Trigonometry, Practical By Henry Adams, 
MI.C.E., M.IM.E., ESI Third Edition, 

Revised and ICnlarged 5 0 

Ventilation, Pumping, and Haulage, Mathe- 
matics of. ByF Bilks 5 0 

Workshop Arithmetic, First Steps in By H P. 

Green . . . . . . • ,10 

MISCELLANEOUS TECHNICAL BOOKS 

Brewing and Maliing By J. Ross Mackenzie, 

F.C S , F.R.M S Second Edition . . .86 

Ceramic Industries I’ocket Book By A B 
Searle ■ •• ...86 

Engineering Economics By T H Burnham, 

B Sc Hons (T-ond ), B Cora. (Lond ), AMI 
McchE . . . . 10 6 

Engineering Inquiries, Dai a for By J. C 
Connan, BSc.AMIEE.OBE. . . ,12 6 

Estimating By T H Hargrave . . .76 

Glue and Gelaiine By P I Smith, . .86 

Lightning Conductors and Lightning Guards 
B y Sir Oliver J Lodge, F R S , LL D , D Sc , 

MI EE 15 0 
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Music Engraving AND Printing ByWm Gamble 21 0 

Petroleum. By Albert Lidgett, Editor of the 

“ Petroleum Times ** Third Edition . . .50 

Printing. ByH. A Maddox . - . .50 

Refractories for Furnaces, Crucibles, etc. 

By A. B. Searle . . . . . .50 

Rebrigeration, Mechanical By Hal Williams, 

M I.Mech.E , M.I.E E , M I Struct E . . 20 0 

Seed Testing By J Stewart Remington . . 10 6 

TEGHNICAL DICTIONARY OF ENGINEERING 
AND INDUSTRIAL SCIENCE IN SEVEN 
LANGUAGES: ENGLISH, FRENCH, SPANISH, 
ITALIAN, PORTUGUESE, RUSSIAN, AND 
GERMAN. 

In four vols , £S 8s net complete. 

Compiled by Ernest Slater, M I E E , MI Mech E , m 

collaboration with leading authorities 

PITMAN’S TECHNICAL PRIMERS 
Each m foolscap 8vo, cloth, about 1 20 pp illustrated 2 6 

In each book of the series the fundamental 
prmciples of some subdivision of technology 
are treated in a practical manner, providing the 
student with a handy survey of the particular 
branch of technology with which he is con- 
cerned. They should prove invaluable to the 
busy practical man who has not the time for 
more elaborate treatises 

Abrasive Materials By A B Searle 

AC Protective Systems and Gears. By J. 
Henderson, B Sc., M C , and C. W Marshall, 

B Sc , A.M.I E E. 

Belts for Power Transmission. By W G 
Dunkley, B Sc. (Hons ) 

Boiler Inspection and Maintenance By R. 

Qayton 

Capstan and Automatic Lathes By Philip 
Gates 

Central Stations, Modern By C. W, Marshall, 

B Sc , A M I E E 

Coal Cutting Machinery, Longwall By 
G F F Eagar, M I Mm E 
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Pitman's Tbciinical 1»rimkus— 2 6 
Continuous Current Armature Winding. 

By F, M. Denton, A Ct.G.I., A.Amor.I.E.E. 
Continuous Current Machines, The Testing 
OF. By Charles F. Smith, D.Sc., M.I.E.E , 

A. M.1 C'.IC. 

Cotton Spinning Machinery and Its Uses. 

By Wm. Scott Taf?gart, M I.Mech E. 

Diesel 35ngink, Tub. By A Orton. 

Drop Forging and Drop Stamping By H. 

Hayes. 

Electric Carles. By I*\ W. Main, A.M I.E.E 
Electric Cranks and Hauling Maciunks By 
F K. Chilton, A.M.I.KK 
Electric F^urnack, Tihc By Frank J. Moffett, 

BA., Ml K.IC., M C'ons.K 
Electric Mo'k^rs, Small. By K. T. Painton. 

B. Sc., A.M.r K.IC 

Electric 1\>wkr Systkms By Capt. W, T. 

Taylor, M.Tnst C.K , M I Mech E 
ELBcrRiCAT- INSULAIION By W. S. Flight, 
A.Ml.K.Ii: 

Electrical Transmission of Energy. By W. 

M. Thornton, O.B T€ , D Sc , M T E E. 

Electricity in AoRicui.ruRE. By A H Allen, 

M I E E. 

Electricity in Sikkl Works. By Wm. 
McFarlane, B Sc 

Elbctrificahon of Railways, The By H. F. 
Trewman, M A 

Electro-Dkposi I ION OF Copper, The And its 
Industrial Aiiphcations By Claude W Denny, 

A M I.E E 

Explosives, Manufacture and Uses of By 
R C Farmer, O I^ E , D Sc , Ph D 
Filtration By T R Wollaston, M I Mech E 
Foundrywork. By Ben Shaw and James 
Edgar, 

Grinding Machines and Their Uses By Thos. 

R Shaw, M 1 Mech E 

House Decoraiions and Repairs By Wm. 
Prcbble. 
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Pitman's Technical Primers — contd , 2 6 

Hydro-Electric Development By J W. 
Meares, F R A S , M Inst C E , M I E E , 

M Am I E E 

Illuminating Engineering, The Elements of. 

By A P Trotter. M I E E 
Industrial and Power Alcohol. By R. C. 

Farmer, OBE.DSc.PhD.FIC 
Industrial Electric Heating By J W 

Beauchamp, M I E E 

Industrial Motor Control. By A T Dover, 

MI EE. 

Industrial Nitrogen By P. H S Kempton, 

B Sc (Hons ), A R C Sc 

Kinematograph Studio Technique. By L C 
Macbean 

Lubricants and Lubrication By J H Hyde. 
Mechanical Handling of Goods, The By C 
H Woodfield, M I Mech E 
Mechanical Stoking By D Brownlie, B Sc , 

A M I M E (Double vol , price 5s net ) 

Metallurgy of Iron and Steel Based on 
Notes by Sir Robert Hadfield 
Municipal Engineering ByH Percy Boulnois, 

M Inst.C.E , F R San Inst , F Inst S E 
Oils, Pigments, Paints, and Varnishes. By 
R H Truelove 

Patternmaking By Ben Shaw and J ames Edgar 
Petrol Cars and Lorries By F Heap 
Photographic Technique By L J Hibbert. 

F R P S 

Pneumatic Conveying By E. G P hill ips 
M I E E , A M I Mech E 

Power Factor Correction By A E Clayton, 

B Sc (Eng ) Lond , A K C , A M I.E E 
Radioactivity and Radioactive Substances 
By J Chadwick, M Sc 

Railway Signalling Automatic By F. 

Raynar Wilson 

Railway Signalling Mechanical By F. 

Raynar Wilson 

Sewers and Sewerage By H Gilbert Whvatt 
MICE, ' 
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Sparking Plugs. ByA P Young and H Wairen. 
Steam Engine Valves and Valve Gears. By 
E L Ahrons, M I Mech E , M.I Loco.E 
Steam Locomotive, The. By E L. Alxions, 

M I.Mech E , M 1 Loco.E 
Steam Locomotive Construction and Main- 
tenance By E. L Ahrons, MI.Mech.E., 

M I Loco E. 

Steels, Special ]Based on Notes by Sir Robert 
Hadfield, Bart ; compiled by T. H Burnham, 

B.Sc (Double vol., price 5s ) 

Steelwork, Structural By Wm. H Black. 
Streets, Roads, and Pavements By H Gilbert 
Whyatt, M Inst C E , M.R.San 1 
Switchboards, High Tension. By Henry E. 
Poole. BSc. (Hons), Lond, ACG.I, 
AMIEE 

Switchgear, High Tension By Henry E. Poole, 

BSc (Hons). ACGI, AMIEE 
Switching and Switchgear By Henry E 
Poole, B Sc (Hons ). A C.G I , AMI E.E 
Telephones, Automatic By F A Ellson, 

B Sc , A M I E E (Double vol , price 5s ) 

Tidal Power By A M A Stniben, OB.E, 

A M Inst C E 

Tool and Machine Setting For MUlmg, 
Drilling, Tapping, Bonng, Grmdmg, and Press 
Work By Philip Gates 

Town Gas Manufacture. By Ralph Staley, 

MC « * ^ ^ 

Traction Motor Control By A T Dover, 
MIEE 

Transformers and Alternating Cu^eot 
Machines, The Testing of By Charles F. 
Smith. D Sc., A M Inst C E . Wh Sc 
Transformers, High Voltage Power By Wm 
T Taylor, M Inst C E . M I E E 
Transformers, Small Single-Phase By Edgar 
T Pamton, B Sc Eng . Hons (Lond ), 

WATra Power Engineering ByF F Fergusson, 

A M Inst C E, 
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Pitman's Technical Primers — cmtd . 2 6 

Wireless Telegraphy, Continuous Wave. 

By B E G. Mittell, A M I E E 
Wireless Telegraphy, Directive Direction 
and Position Finding, etc By L. H Walter, 

M A (Cantab.), A M I E E 
X-Rays, Industrial Application of By P, 

H S Kempton, B Sc (Hons ) 

COMMON COMMODITIES AND 
INDUSTRIES SERIES 

Eacb. book is crown 8vo, cloth, with many 
illustrations, etc. . . . . . .30 

In each of the handbooks in this series a par- 
ticular product or industry is treated by an 
expert writer and practical man of business 
Acids, Alkalis, and Salts By G H J Adlam, 

M A , B Sc , F C S 

Alcohol in Commerce and Industry By C. 

Simmonds, OBE, BSc,FIC,FCS 
Aluminium Its Manufacture, Mampulation, and 
Marketmg. By George Mortimer, M Inst Met 
Anthracite. By A Leonard Summers 
Asbestos By A Leonard Summers 
Bookbinding Craft and Industry, The By 
T Harrison 

Books - From the MS to the Bookseller By 
J. L Young. 

Boot AND Shoe Industry, The ByJ S Harding. 

Bread and Bread Baking By John Stewart 
Brushmaker, The By Wm Kiddier 
Butter and Cheese By C W Walker Tisdale, 

F C.S , and Jean Jones, B D F D , N D D 
Button Industry, The By W Unite Jones 
Carpets By Reginald S Brinton. 

Clays AND Ci.AY Products By Alfred B Searle 
Clocks and Watches By G L Overton 
Cloths and the Cloth Trade. By J A Hunter 
Clothing Industry, The By B W Poole 
Coal Its Ongm, Method of Workmg, and Prep- 
aration for the Market By Francis H Wilson, 

M Inst M E 

Coal Tar By A R Wames, F C S , A I Mech E 
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OOMMON OOMMODITIBS A17I> INDUSTRIES SERIES 
— contd 

Cocoa and Chocolate Industry. The Bv A 
W Knapp. B Sc . F I C ^ ' 

Coffee From Grower to Consumer. By B B. 
Keable 

Cold Storage and Ice Making By B H. 
Sprmgett 

Concrete and Reinforced Concrete By W 
Noble Twelvetrees, MIME. A MJ E E. 
Copper From the Ore to the Metal By H. K 
Picard, M Inst of Mm and Met 
Cordage and Cordage Hemp and Fibres. By 
T Woodhouse and P. Kilgour. 

Corn Trade, The British. By A. Barker 
Cotton From the Raw Matenal to the Fmished 
Product. By R J Peake 
Cotton Spinning By A S Wade 
Cycle Industry, The By W. Grew, 

Drugs in Commerce By J Humphrey. Ph C.. 
F J I 

Dyes and Their Application to Textile 
Fabrics By A. J Hall, BSc.FIC.FCS 
Electric Lamp Industry, The By G ArnclifEe 
Percival 

Electricity By R E Neale, B Sc (Hons ) 
Engraving By T W Lascelles 
Explosives, Modern By S I Levy, B A , B.Sc 
FIC 

Fertilizers By H Ca\e 
Film Industry, The By Davidson Boughey 
Fishing Industry, The By W E Gibbs, D Sc. 
Furniture By H E Binstead Second Edition. 
Furs and the Fur Trade By J C Sachs 
Gas and Gas Making By W H Y Webber, C E. 
Glass and Glass Manufacture By P Mason, 
Honours and Medallist %n Glass Manufacture 
Gloves and the Glove Trade By B E Elhs. 
Gold By Benjamin %yhite 
Gums and Resins Their Occurrence, Properties, 
and Uses By Ernest J Parry, B Sc , F I.C,, 
F.C.S. 


5. d. 
3 0 
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Common Commodities and Industries Series 3 0 

— contd 

Incandescent Lighting By S I. Levy, B.A , 

B Sc F I C 

Ink By C Ainsworth Mitchell, M A., F I C. 

Intern Ai Combustion Engines. By J Okill, 

M.I A E. 

Iron and Steel. Their Production and Manu- 
facture. By C Hood 
Ironfounding. By B Whiteley 
Jute Industry, The ByT Woodhouse and P. 
Kilgour 

Knitted Fabrics By John Chamberlain and 
James H Quilter 

Lead. Including Lead Pigments By J A 
Smythe, Ph D , D.Sc 

Leather From the Raw Material to the Finished 
Product By K J Adcock 
Linen From the Field to the Fimshed Product 
By Alfred S Moore 

Locks and Lock Making By F J Butter 
Match Industry, The By W H Dixon 
Meat Industry, The By Walter Wood 
Motor Boats By Major F. Strickland, M I E E., 
MIME 

Motor Industry, The By Horace Wyatt, B,A. 
Nickel. By F. B Howard White, B A. 

Oil Power. By Sidney H North, A.Inst.P.T. 

Oils Ammal,Vegetable, Essential, and Mineral. 

By C. Ainsworth Mitchell, M A , F.I C 
Paints and Varnishes. By A. S. Jennings, 

F.I B D 

Paper. Its History, Sources, and Production 
By Harry A. Maddox, Silver Medalhst Paper- 
mdkvng Second Edition 
Patent Fuels By J. A Greene and F MoUwo 
Perkm, CBE,PhD,FIC 
Perfumery, Raw Materials of By E J. 

Parry, BSc,FIC,FCS 
Photography By William Gamble, F R P S 
Platinum Metals By E A Smith, A R S M., 

MI MM. 

Player Piano. The By D Miller Wilson. 
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Common Commodities and Industries Series 3 0 
— contd. 

Pottery. By C. J. Noke and H. J. Plant. 

Rice By C E. Douglas, M I Mech.E. 

Rubber Production and Utilization of the Raw 
Product By C, Beadle and H. P. Stevens, 

M A . Ph D , F I C 
Salt. By A F Calvert, F.C.S 
Shipbuilding and the Shipbuilding Industry. 

ByJ MitcheU, MINA. 

Silk Its Production and Manufacture. By 
Luther Hooper 
Silver By Benjamin White 
Soap Its Composition, Manufacture, and Proper- 
ties By Wilham H Simmons, B.Sc (Lond.), 

FC.S. 

Sponges By E J J Cresswell. 

Starch and Starch Products By H A. 
Auden, D Sc , F C S 

Stones and Quarries By J. Allen Howe, 

O B E , B Sc., M Inst Mm and Met 
Straw Hats. By H Inwards 
Sugar Cane and Beet By the late Geo. 
Martineau, C B , and Revised by F. C Eastick, 

M A Fifth Edition 

Sulphur and the Sulphur Industry, By 
Harold A Auden, M Sc , D Sc , F.C S. 

Talking Machines By Ogilvie Mitchell. 

Tea From Grower to Consumer. By A 
Ibbetson. 

Telegraphy, Telephony, and Wireless. By 
Joseph Poole, A M I E E 
Textile Bleaching By Alex B Steven, B Sc 
(Lond ), F I C. X. ^ 

Timber From the Forest to its Use m Commerce. 

By W Bullock Second Edition 
Tin and thb Tin Industry By A H. Mundey. 
Tobacco From Grower to Smolcer By A E 
Tanner 

Velvet and the Corduroy Industry By J. 
Herbert Cooke. 
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Wall-paper By G Whiteley Ward. 

Weaving By W. P Crankshaw. 

Wheat and Its Products By Andrew Millar. 

Wine AND THE Wine Trade ByAndr6L Simon 
Wool. From the Raw Material to the Finished 
Product By J A Hunter 
Worsted Industry, The By J Dumville and 
S Kershaw Second Edition 
Zinc and Its Alloys. By T E Lones. M A , 

LL I).| B Sc 

PITMAN’S “ GRAFT-FOR-ALL ” SERIES 

Each in crown 8vo, illustrated . . . net 2 6 

Basketry By Mabel Roffey 
Design as Applied to Arts and Crafts By 
F R Smith 

Flower Making. By Violet Brand 
Gesso. By Idaha B Littlejohns 
Glove Making By I M Andrews 
Home Upholstery By M Dane. 

Leather Work By F. R Smith 
Metal Work By A C Horth. 

Plywood By W B Little 

Prints AND Patterns By Idaha B Littlejohns. 

Raffia Work By Annie L Begg 
Rug Making "By Dorothy Drage 


PITMAN’S SHORTHAND 

mVALTTABLE TO ALL BUSINESS ANDFBOEESSIONAL MEN 


ThefoUoamg Caialogues wtU he sent post free, on appltcatum— 

Educational, Commercial, Shorthand, Foreign 





FROM THE SAME PUBLI8HEM8 

DEFINITIONS AND FORMULAE 
FOR STUDENTS 

This series of booklets is intended to provide 
engineering students with all necessary defi- 
nitions and formulae in a convenient farm 

In four booklets Each in Pocket Size, about 
32 pp. 6d. net. 

DEFINITIONS AND FORMULAE FOR 
STUDENTS — ^ELECTRICAD 

By Phdlip Kktvtp, M.Sc., Head of the 

Electrical Engineering Eepartmeinb of the Regent 
Street Polytechnic 

DEFINITIONS AND FORMULAE FOR 
. STUDENTS — ^HEAT ENGINES 

By Ari 70 i<x> Rimmbr, B.Eng , Head of the Mechanical 
Enjgvneeiing Department^ Derby Technical CcUege 

DEFINITIONS AND FORMULAE FOR 
STUDENTS— APPLIED MECHANICS 

By E. H. Lbwitt, B Sc , AMI Mech E. 

DEFINITIONS AND FORMULAE FOR 
STUDENTS— PRACTICAL MATHEMATICS 

By Louis Toft, M Sc , Head of the Mathematical 
Department of the Royal Technical College, Salford, 






PITMAN’S 

EC HN I CAL 
ICTIONARY 

OF 

ENGINEEBING AM) INDUSTRIAL SCIENCE 

IN SEVEN LANGUAGES 

ENGUSH, FRENCH, SPANISH, ITALIAN 
PORTUGUESE, RUSSIAN, AND GERMAN 

Edited by 

EFINEST SLATER, M.LE.E., M.I.Mech.E. 

In Collahoration with Leading Authorities 
The Dictionary is arranged upon the basis of the 
English version. This means that against every 
English term will be found the equivalents in the six 
other languages, together with such annotations as 
may be necessary to show the exact use of the term 
in any or all of the languages 
** There is not the shghtest doubt that this Dictionary 
will be the essential and standard book of reference in 
its sphere It has been needed for years ” — Electrical 
Industries 

“ The work should be of the greatest value to all who 
have to deal with specifications, patents, catalogues, etc 
for use in foreign trade *' — Bankers* Magazine 

** The work covers extremely well the ground it sets out 
to cover, and the inclusion of the Portuguese equivalents 
will be of real value to those who have occasion to make 
technical translations for Portugal, Brazil, or Portuguese 
East Africa — Nature 

Complete in four volumes, crown 4 to, buckram gilt 
£S 8s net 
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